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PREFACE 


The Earth and Man is a textbook, planned in this edition, as in the first, 
to meet the needs of beginning geography classes in American colleges and 
universities. Like the first edition, also, it is a treatment^of man and^his. 
eccmomic activities m their a real, e nvironmental settings: a study of terrestrial ^ 
unities.^ This is the unique field of the subdivision of human knowledge 
known as ''gjeo graphy.” Indee d a geography from which human interests are 
e^luded “has never existed except in the minds of specialists/' Manifestly, 
background material from the fields of other subjects is necessary for such 
a study. Therefore it has been introduced, but in its proper place and im- 
portance in the geographical treatment. 

Though both are alike in most respects, this edition differs from the first 
in some important particulars. Changes which will be noted are of two 
classes: first, those of organization; second, those involving subject matter 
and illustrations. 

Those of the first class include: (1) increase in the number of chapters 
and greater unifoimity in their length and difficulty, as an aid to assignments; 
and (2) some rearrangement of subject matter to permit more effective use 
of the book in either a short or a more extended course. 

Those of the second class include: (1) extensive revision of certain 
chapters and use of current data, elimination of some comparatively unim- 
portant text, and addition of new chapters; (2) substitution of more timely 
illustrations, use of more relatively large-scale world maps, and addition of 
many new diagrams and maps; (3) additional emphasis on the part geo- 
graphical conditions play in the life of the individual, national welfare, and 
international relations. 

Considering the use for which this book is designed, two objectives have 
been kept in mind in its preparation: first, to supply a background of factual 
material and principles of value to all students; second, to establish certain 
facts and principles concerning regional possibilities as affected by environ- 
mental conditions, both singly and in selected combinations, upon which 
those planning additional work in the subject may build. Complete synthesis 
of these factors has been left for future regional courses. 

This book is not planned as a compendium of geographical knowledge, 
but as a treatment of certain material from the entire field of the subject to 
secure designated results. In major part, inquiry is confined to, and emphasis 
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is upon, how and why man’s visible impress on the earths surface, as 
manifested by his works, is affecte d by natural and regional inheritance. 
Even the subject *^ter considered” within the range indicated is not all- 
inclusive, but selected to supply illustration and an adequate basis for dis- 
cussion by the two classes of students for whose use the book was planned. 

In evaluation of the function of environment, as reflected by human 
activities and their tangible results, man is considered the active agent, 
environment the passive; either presenting or denying opportunity, but 
never forcing acceptance. With this as a premise, it is conceived that man 
cannot ‘^conquer nature,” but that he exists only by her sufferance, succeed- 
ing only insofar as he regulates his activities to profit from such opportunity 
as presented. 

The attempt has been made to consider subject matter within the range 
of student interest and ability, and to present this material in such form that 
it can be understood by students. This necessitates simplified treatment, with 
a minimum of technical terminology, if the objectives stated are to be 
achieved. With this in mind, also, certain topics are introduced in early 
chapters and their treatment amplified later, in a more appropriate place in 
the discussion, for experience indicates certain advantages to such a pro- 
cedure, despite the objection of some repetition. Since this text is designed 
as a place from which to depart, not as a geographical encyclopedia, the 
instructor has been left free to use either supplementary local illustrations 
or those from his own experience, which he can make more real. A special 
attempt has been made to avoid use of maps and illustrations not pertinent 
to the discussion, and to encourage use of those included by their proper 
location with reference to the text, and by many extended captions. 

The facts considered are the observable features of areas, individually 
and in their relationships, which fall into the following groups: (1) climatic, 
surface, drainage, and other similar elements, unmodified by man, which, in 
their sum total, constitute the natural environment; (2) buildings, trans- 
portation lines, mines, and other works of man, which are elements of the 
cultural environment; (3) existing vegetation cover, drainage, and other 
material areal aspects which represent a present end product of original 
conditions as modified by man, always present where he has made his home; 
and (4) man and his economic activities. Therefore the facts considered are 
those finding material expression, though the accompanying discussion and 
explanation are not necessarily thus limited. 

For purposes of presentation, the treatment is divided into six parts, 
as follows: 

Part I. Introduction. This sketches briefly the growth of geographic knowl- 
edge and the development of the field of geography. 

Part II. Man: His Distribution and Numbers. This subdivision of the text is 
devoted to a discussion of: (1) the distribution and numbers of man; (2) the 
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environmental and other factors which affect his distribution and numbers; 
and ( 3 ) the significance of these two and other aspects of population in both 
internal and international affairs. 

Part IIL Man and Environment, This section deals with certain facts and 
principles with which geography is concerned: (1) the interaction between 
man and environment at different stages of human development; and (2) 
changes in environment resulting from the operation of both natural and 
human agencies. Where practical considerations indicate its desirability, 
man s use and misuse of natural opportunity are discussed concurrently. 

Part IV. The Elements of the Physical or Natural Environment, In this divi- 
sion, individual factors of the unmodified natural environment such as 
climate, soils, land fonns, natural drainage, mineral wealth, and contact with 
the sea are considered separately, both to secure a necessary factual knowl- 
edge of each, and an understanding of the limitations each imposes on the 
potentialities of an area for effective human use. In view of the dual objective, 
it is apparent that not all the material included in this section lies within the 
field of geography proper. 

Part V. How Man Obtains His Livelihood. This part deals primarily with 
man’s economic activities and their environmental basis, the attempt being 
made to take into account the combined effects of several environmental 
factors to explain definite uses of specific areas. This is designed to illustrate 
possible profitable use of the isolated facts considered earlier, and to serve 
as an introduction to the study of regions in later courses. Since planned to 
a considerable extent to be illustrative only, admittedly this may be only a 
partial synthesis in some cases. 

Part VI. The Appendix. This last section permits consideration of additional 
subject matter. It includes an account of the development of mapping; a 
discussion of latitude, longitude, and map projection, with many illustrations; 
a consideration of map scales, direction on maps, and representation of eleva- 
tion and relief; a description of methods of land survey; an account of solar 
relations; a statement of how time is measured; a modified Koppen climatic 
classification, with alternative names for the climatic types; an American 
system of soil classifications; and a chapter of tables. Though this material 
does not find a proper place in the body of the text, some chapters may be 
of value to supplement earlier, less extended treatment of certain topics. 
Moreover, all are as possible of use as they would be if inserted in earlier 
sections where they do not belong, yet none need be assigned unless desired. 

The text proper, then, includes a consideration of: (1) man’s numbers 
and distribution; (2) the interaction of environment and man; (3) how man 
makes his living in various environmental settings at different stages of his 
development; and (4) the distribution of man’s economic activities. Through- 
out, changed and changing environmental conditions and values resulting 
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from human activities and progress are stressed, not only as they affect the 
life of the individual, but as well the existence of the community and inter- 
national relations. It is believed that this treatment ensures both continuity 
in presentation and functional values which are highly desirable. This 
organization of subject matter is based on experience, not on theoretical 
considerations only, for it has been tested and found effective in the class- 
room, which is the laboratory where all texts must be proved. 

A list of questions and exercises accompanies each chapter. These do 
not cover the subject matter completely, nor are they limited entirely to the 
subject matter presented. They will, however, serve the student by enabling 
him to test his mastery of the material, and they will also afford a basis for 
class discussion, if it is desired to make such use of them. Selected references 
at the ends of the chapters are not bibliographies of source materials, but only 
what the heading indicates: some suggested supplemental reading which 
may be done to advantage by intellectually curious students, or which may 
be assigned for class reading if it is desired to amplify on the text treatment 
of individual topics. To make these lists of maximum practical value, they 
contain no references to periodical literature, but are limited to books com- 
monly in libraries. Further, a brief statement of the topics treated in each is 
appended as an aid to the student. If more extended bibliographies are 
desired, they are available in the selected references. 

Preparation of The Earth and Man would have been impossible without 
source material. Therefore the author feels a deep sense of obligation to those 
who, by supplying facts and ideas directly, and by the indirect suggestion 
of ideas, have contributed to its past success and to such approval as this 
revision may meet. In some cases, the source of the facts or ideas may be 
unknown, yet it is apparent that few of either are original contributions, for 
this, like all texts, is mainly a compilation of selected material, and such merit 
as it may possess is determined by the organization and presentation of the 
subject matter. 

Government publications, particularly those of the National Resources 
Board and the Bureau of Reclamation; various Commissions; and the De- 
partment of Agriculture, including the Weather Bureau and the Soil Con- 
servation Service, have been drawn on freely for facts. Many state agencies 
and private concerns have likewise supplied similar material. 

Prominent in the list of individuals who have made The Earth and Man 
a possibility are Professor Mark Jefferson and Dr. Carl O. Sauer, for they, 
by their earlier teaching, are the source both of facts and many of the ideas. 
Probably as well, both consciously and unconsciously, members of the depart- 
mental staff, both present and past, have left their impress on the authors 
thinking, as a result of informal discussions and the organization of work 
in the department. 

Special obligation is accorded to Dr. Ralph H. Brown for a critical 
reading of practically the entire manuscript in its final version. The author 
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IX 


also wishes to express his deep sense of obligation to Dr. Robert B. Hall, 
Dr. J Russell Whitaker, and several others unknown to him, for critical 
readings of the entire manuscript of the first edition. 

Specific acknowledgment of indebtedness is, moreover, due Dr. Kirk 
Bryan for valuable descriptions of the arid regions of southwestern United 
States; Dr. W. Elmer Ekblaw for his generous permission to use the material 
on the Polar Eskimo; Professor J. W. Hoover, who supplied most of the 
facts of Navajo and Hopi economies; Dr. M. C. Kahn for data on the Djuka; 
Dr. S. S. Visher for certain population data and assistance with the section 
devoted to treatment of the weather elements; and Dr. Derwent Whittlesey 
for his discussion of nomadic herding. 

In this revision, the author has profited from the critical reading of 
several chapters by colleagues who are specialists in the fields on which 
these chapters of the text have drawn for facts. Those who have been of 
assistance in this manner include: Dr. Frederick J. Alway, who read the 
chapters on soils and soil classification; Dr. William S. Cooper, who did 
the same for the sections d'ealing with plant life, and Dr. George M. 
Schwartz, who read and criticized the chapters related to some aspects of 
geology, particularly those dealing with minerals and mining. Dr. Wilson 
D. Wallis has also been very helpful on anthropological questions. Among 
those mentioned above as having read certain chapters critically. Dr. William 
S. Cooper and Dr. George M. Schwartz have used the text in classes and have 
suggested improvements in sections other than those in their fields of special- 
ization. Valuable suggestions on specific points have likewise been made by 
a long list of others, among whom should be mentioned Dr. Griffith Taylor 
and Professor Edward G. Pleva. Based as they have been on intimate knowl- 
edge of certain areas, or classroom use of the text, they have been very helpful. 

Acknowledgment of indebtedness is also accorded the individuals, firms, 
societies, state and other governmental agencies, both in this country and else- 
where, contributing many of the photographs and other illustratmns used. 
To them, it has been possible to extend credit in connection with individual 

illustrations in both the first edition and this revision. 

Though advantage has been taken of many helpful suggestions, it is 
realized that imperfections of several types must still exist. Therefore addi- 
tional constructive criticism is welcomed to the end that such defects may be 
remedied when the opportunity presents itself, so that the needs of students 

be met more adequately. H»g Dueia 

XJNIVERSITY OF MINNESOTA 
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PART ONE. INTRODUCTION 


Chapter One 

THE GROWTH OF GEOGRAPHIC KNOWLEDGE 
AND THE FIELD OF GEOGRAPHY 


Geography a Subdivision of the Field of Hu-- 
man Knowledge. With man s advance from the 
primitive stage of development of his earhest 
existence, the scope of his interests widened and 
the Slim total of his information increased cor- 
respondingly, eventually to the extent that some 
division of the field of human knowledge be- 
came desirable. Geography is the one of these 
subdivisions having as its field the systematic 
study of the earth’s surficial features and their 
mutual relationships. Included as subjects of this 
study are the observable aspects of both the 
organic and inorganic worlds, considered with 
special reference to their varied spatial arrange- 
ments and interrelationships, and particularly as 
they affect man and his works. 

Geography an Old Subject Acquisition of 
knowledge of the home area and inquiry about 
what lies over the immediate horizon have al- 
ways enlisted human interest. Thus the study of 
geography, recognizable as we know the subject 
today, was prosecuted as far back in the past as 
we have any record, probably its rudimentary 
beginnings were even earlier. 

Early Beliefs as to the Shape and Size of the 
Earth. Man began to speculate about the shape 
and size of the earth at a very early date, ad- 
vancing theoiies in accordance with the facts 
then known. All of these earliest concepts of the 
shape of the earth were based upon the idea 
that the homeland was the center of the world, 
and all were much alike. Thus the Babylonians 
conceived of the earth as the flat, circular floor 
of a great dome, the sky, resting on foundations 
beyond the oceans which surrounded the in- 
habited lands. The view held in Egypt was simi- 
lar, except that the floor was thought to be ob- 
long, with Egypt rather than Babylon at its 


center. Not until the sixth century before Christ 
was the earth mapped except as a plane of small 
extent, since the limited areas known previously 
made a small, flat earth seem logical. 

Early Beliefs as to the Extent of the Inhabited 
World. Until the development of Greek civiliza- 
tion, and even for some time thereafter, there 
was but little exact knowledge of the earth s 
surface among white populations, except of the 
lands w^hich bordered the eastern Mediterranean, 
around which the earliest civilizations of the 
Western world developed, though accounts of 
far distant areas to the north, south, east, and 
west, based on hearsay, were in circulation. Most 
descriptions of these faraway lands must have 
been transmitted orally and, in passing from nar- 
rator to narrator and from one language to an- 
other, they often suffered material alteration. 
This may explain m part the fantastic ideas 
current in earlier times as to conditions and 
customs m distant regions. 

Greek Concepts of the Shape and Size of the 
Earth. By the beginning of the sixth century 
before Christ, the world known to the Greeks 
extended from the Black Sea to the western end 
of the Mediterranean, and considerable distances 
to its north and south. The numerous observa- 
tions and increasing knowledge of facts in these 
widely separated areas led to further considera- 
tion and more logical theories as to the shape of 
the earth, succeeded somewhat later by measure- 
ments of its size, remarkable for their accuracy 
at that early period of human history. 

Very early in the fourth century before Christ, 
the hypothesis of a spherical earth, based on phi- 
losophical considerations, had been advanced 
and, shortly thereafter, the theory that the earth 
rotates on its axis had been proposed, though 
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COSMAS INDICOPLEUSTES 540 A D. 

Fig. 1. The world with 'Tour comers,” by Cosmas Indicopleustes. (After Times Atlas.) 


neither received wide acceptance immediately. 
By 350 B.C., additional observations enabled 
Aristotle to formulate arguments which estab- 
lished the earth’s sphericity as a fact; to deter- 
mine the obliquity of its axis; and to compute the 
value of the earth’s circumference as 45,000 
miles. By the close of the century, Greek philoso- 
phers, though not the common people, held essen- 
tially present-day views concerning the shape 
of the earth and its relation to the solar system. 

By the third century before Christ, the great 
library at Alexandria, founded by Ptolemy I, had 
become an important center for research in 
mathematical geography under the leadership 
of Eratosthenes, the chief hbrarian. He calcu- 
lated the known, inhabited world, which he 
mapped, to have an east-west extent of 9000 
miles and a north-south extent of 4400 miles. 
He also measured the circumference of the earth 
and, basing his determination of the value of a 
degree of latitude upon the distance between 
Syene and Alexandria as determined by the older 
Egyptian land surveys, secured a result which 
was in error only 14 per cent. This error may 


seem large today, but considering the stage of 
advancement of human knowledge at that early 
date, the measurement was remarkably accurate 
and not bettered for hundreds of years thereafter. 
The Dark Ages of Geography. From the second 
century after Christ until well into the Medieval 
period was a time of intellectual stagnation. 
Even before the decline of the Roman Empire, 
progress in geography ceased, not to be resumed 
for several hundred years. Worse, not only was 
progress arrested, but actual retrogression oc- 
curred. The doctrine of a spherical earth was 
rejected by all except a few scholars, reluctant 
to voice their views, and in its place was sub- 
stituted the flat-earth theory which had always 
prevailed as the popular concept. The authors 
of maps of the world, nearly all of whom were 
monks, delineated the earth as oblong, circular, 
or elliptical in shape, surrounded on all sides by 
oceans. Palestine, or the Holy Land, was gen- 
erally given a central location on such maps. 
These shapes represented attempts to reconcile 
the maps with such expressions m the Bible as 
'The four corners of the earth” (Isa. xi:12), and 
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“the circle of the earth” (Isa. xl.22), the elhp- 
tical shape was a compromise. 

Christian Cosmography. Christian cosmog- 
raphy reached its extreme development under 
the leadership of such men as Cosmas of Alex- 
andria, a monk who hved during the sixth century 
after Christ. He taught that the earth was flat, 
oblong in shape, and surrounded by oceans, be- 
yond which lay Paradise. He believed that the 
sun, which he assumed to be small in size and 
near the earth, revolved around a high conical 


mountain to the north, so that the sun’s light was 
cut o£F part of each 24-hour day. This caused 
night. He thought that short summer nights re- 
sulted from the sun’s revolution around the top; 
long winter nights from revolution around the 
base of the mountain. He taught that the dome 
of the heavens covered the earth, resting on its 
edges, and that all was supported by the “stabil- 
ity of God.” Under such leadership and teaching, 
it is not surprising that ignorance was the rule, 
that superstition flourished, and that no advances 



Fig. 2 Hereford world map. To orient this map, it should be turned, since the top, showing Paradise is east 
(After Times Atlas.) 
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in geographic knowledge were made. These were to his death, added greatly to the total of geo- 


m truth the "'Dark Ages’’ for geography. 

The Renaissance of Geography. With rapidly 
increasing knowledge of the earth and its surface, 
particularly during the period of exploration, the 
untenable theory of a flat earth lost in popularity. 
Later, the incapability of its satisfactory defense 
was lecognized so generally that the idea of a 
spheiical earth again received acceptance, not 
only by scholars but by the common people as 
v/ell. Modern times have witnessed increasing 
interest in measurements of the earth’s surface, 
prompted by the continually expanding area 
known to man and the practical value of such 
knowledge. Today, however, though measure- 
ments are still being made by the great map- 
making bureaus of the civihzed nations of the 
world to determine the exact configuration of the 
earth with greater accuracy, the results of such 
studies will not alter our present information 
materially, for we already know both the shape 
and size of the planet on which we live within 
very narrow limits of possible error. Among all 
civihzed peoples, the spheroidal shape of the 
earth is accepted as a fact; only among primitive 
populations and the ignorant does the doctrine 
of a fiat earth receive credence today. In similar 
fashion, the determmed dimensions of the spher- 
oidal earth are accepted without question by all 
competent to have an intelligent opinion. 

The Early Known, Inhabited World. The early 
civilizations which estabhshed the foundations 
of geography m the Western world developed at 
the eastern end of the Mediterranean Sea. From 
this center, the known inhabited world expanded 
in all directions as travelers and merchants visited 
distant lands and returned to relate their ex- 
periences and write about their journeys. Among 
others, Hecataeus, who lived about 500 B.C., is 
credited with a "Periodus,” or description of the 
world in two volumes: one for Europe, a second 
for Asia. Somewhat later, Herodotus (484-425 
B C.) visited Asia Minor, Greece, Peisia, and 
the Black Sea country. In accounts of his travels, 
he distinguished between Africa and Asia as 
divided by the Red Sea, a new idea at that time, 
for previously the Nile River had been accepted 
as separating the two continents. He had also 
apparently heard of many rivers such as the 
Indus, and possibly of the Niger, but his ideas of 
them and of their courses were vague. 

The campaigns of Alexander, from 334 B.C. 


graphic knowledge, both of areas to the north of 
the Black Sea and of Asia as far to the east as the 
Indus Valley. At the same time that Alexander 
was extending knowledge of the world to the 
east, Pytheas of Massiha, present-day Maiseillcs, 
was adding to knowledge of areas to the west of 
the Strait of Gibi altar. He visited Britain and, it 
he did not visit, he had at least heard of the 
Baltic countries. Thus, by the end of the second 
century before Ghrist, the lands bordering the 
Mediterranean Sea were known with some de- 
gree of exactness and Mediterranean populations 
had vague ideas of areas and peoples to the north, 
and of black men and pygmies to the south. 

The Known World of the Period of the Roman 
Empire. During this period, the emphasis in geog- 
raphy was on the acquisition of facts concerning 
areas rather than in speculations as to the size 
and shape of the earth and its relation to the 
other members of the solar system. This was in 
accord with Roman interest in the practical 
rather than the theoretical The outstanding fig- 
ure in geography during this period was Strabo, 
who compiled a geographical encyclopedia, con- 
sisting of seventeen parts, of the then known 
world. This treatise dealt with Spam and Gaul, 
Italy, northern and eastern Europe, Greece, Asia 
Minor, Persia and India, the Tigris-Euphrates 
legion, Syria, Arabia, the Far East, and Africa. 
From this it can be seen how greatly the known, 
inhabited world had expanded by this time. 
Knowledge of distant lands was, however, still 
inaccurate, for it was based largely on hearsay. 
This is illustrated by the maps of Ptolemy, who 
believed that Asia extended much farther to the 
east than is actually the case. This eiror in map- 
ping persisted for hundred of years, later influ- 
encing Golumbus in his belief that he had reached 
Asia rather than what we now know as the New 
World. 

The Known, Inhabited World during the 
Medieval Period During the Dark Ages, there 
was little addition to knowledge of the inhabited 
^vorld. Much of what was written, indeed, repre- 
sented only compilation or rearrangement of in- 
formation acquired at a much earlier date. During 
this period, however, the old Roman trade routes 
remained open; Baltic amber from the north, 
gold and ivory from the south, and silk from the 
east, all luxuries, moved precariously and inter- 
mittently. The Mediterranean, as of old, was the 
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main east-west highway; overland routes were 
long, difficult, and hazardous. 

Missionaries were active during this period. 
They visited Scandinavia and even reached Ice- 
land. To the east, their activities extended to 
India by 189 A.D,; to Abyssinia by 300 AD.; 
and to China by 600 A.D. During the long period 
to 1200 A.D., however, though much movement 
was going on, it did not add appreciably to 
acquaintance with the geography o£ the distant 
areas visited, either immediately or for many 
years thereafter, partly because of the lack of 
printed books until the fifteenth century. 

The Crusades produced a great interest in both 
geographic facts and commerce. Rise of the 
power of the Church was accompanied by the 
sending of missions to eastern lands. Travelers, 
as the Polo brothers in the middle of the thir- 
teenth century, added to the gradually growing 
store of information. Accounts of these travels 
by the younger Marco Polo, a son and nephew, 
written during the period 1298-99, described 
portions of central Asia not visited again for 
hundreds of years. Odoric, who reached Peiping 
in 1323, likewise contributed in an important 
way to the knowledge of eastern Asia. 

During this period, Venice, Genoa, Marseilles, 
and many other cities were interested in eastern 
trade, carried on partly by overland routes. This 
led to acquaintance with the countries traversed 
by these highways of commerce. At the same 


time, sailors were, by the end of the thirteenth 
and early in the fourteenth century, extending 
knowledge of areas beyond the Strait of Gibraltar 
to the Azores, the Canary Islands, and Kladeira. 

Transmission of the information acquired was, 
however, still very slow and errors resulting from 
preservation of the Ptolemaic traditions persisted 
in the face of known facts, since it required half 
a century or more for the knowledge gained by 
travel to reach the map makers. Further, geo- 
graphic fables and geographic facts were so in- 
extricably interwoven that their separation was 
difficult, or even impossible. The legend of Pr ester 
John, which found general acceptance in Europe 
from the middle of the twelfth to the end of the 
thirteenth century, may serve as an illustration 
of this state of affairs. This fabulous Christian 
monarch of Asia was reputed to reign in an area 
where there were ‘no poor, no miseries, no dis- 
sension, no hes, and no vices.” In his kingdom, 
the sands of the streams were gems; giant ants 
dug gold for the fortunate inhabitants; and, to 
add to the attractions, there was a Fountain of 
Youth. 

The Expansion of the Knoton^ Inhabited World 
during the Period of Discovery, and the Known 
World of Today, Early in the fifteenth century, 
Portuguese navigators and explorers began to 
assume an important place in the ranks of the 
contributors to the rapidly grov^ng body of geo- 
graphic information. Under the leadership and 



Fig. 3. This map shows the expansion of the known world by selected periods. 
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inspiration of Prince Heniy the Navigator, ex- 
ploration was pushed along the west coast of 
Africa, reaching the Congo River by 1482. By 
1498, the Cape Route to India had been dis- 
covered by Vasco da Gama, who had sailed from 
Lisbon one year earlier. Even after this, the 
Ptolemaic beliefs as to the shape of India did 
not disappear completely, so slowly did knowl- 
edge diffuse at that time. 

During this same period, Columbus reached 
the Bahamas, October 12, 1492, and, on subse- 
quent voyages, Jamaica, Cuba, Trinidad, and the 
mainland of the Americas. He died, however, still 
believing that the lands he had discovered consti- 
tuted a p'jrt of southeastern Asia, and of the 
islands off its coast. In fact, the true outlines of 
the New World were not revealed until early in 
the sixteenth century, Cabot, Balboa, Cortez, 
Pizarro, Magellan, and others contributing to this 
result. From that time down to the present date, 
we have been fillmg in the major outlines of the 
map of the world as revea’ ^d to us by these early 
explorers. Africa, Australia, South America, and 
the other continents today hold but few secrets; 
they have been explored and mapped in larger 
part. Only the polar areas and a few limited 
portions of certain continental and island in- 
teriors remain more or less unknown, and these 
unknown areas shrink in extent from year to 
year. Soon, detailed studies and mapping will 
be all that remain to be done to complete the 
undertaking of assembling data which will supply 
an adequate picture of the earth’s surface. 

The Historical Background of the Present 
Obiectives and Fields of Geographic Study, 
Though the present extensive subdivision of the 
field of human knowledge did not exist during 
the period of the early civilizations wb’ch flour- 
ished around the margins of the Mediterranean, 
particularly at its eastern end where our geog- 
raphy had its beginnings, geographic inquiry 
was prosecuted then, m jch as it is today. Eratos- 
thenes, with his measurements of the earth, may 
properly be considered a pioneer in the field of 
physical geography; Herodotus and Strabo, with 
their descriptions of the known, inhabited world 
as a series of regions, as contributors to regional 
geography; and Claudius Ptolemy, with his repre- 
sentation of the facts of area on maps of improved 
projection, as the initiator of methods of effective, 
graphic portrayal of geographic information. On 
this early foundation developed the geography 


of the nineteenth century, in which natural phe- 
nomena were studied as ‘natural history,” later 
to be subdivided into various fields: botany, 
zoology, geology, and others, including geog- 
raphy. In this study, the older, largely descriptive 
method was amplified by ventures in systematic 
organization and the establishment of causal re- 
lationships, illustrated by Humboldt’s Cosmas, 
a monumental description and attem^^ted geo- 
graphic synthesis of the known facts of the phys- 
ical world and man, which appeared in several 
volumes between 1845 and 1859. 

Following recognition of geography as a sepa- 
rate branch of inquiry, two distinct fields pre- 
sented themselves: (1) study and classification of 
natural earth features, which developed as ‘phys- 
ical geography”; and (2) organization of cultural 
features, or those resultmg from the activities and 
works of man, in coherent patterns, from which 
what is sometimes known as “human geography” 
evolved. In reality, of course, there has never 
been any other kind of geography, “except in the 
minds of specialists,” for not only does the natural 
environment impose limitations on man, but he is 
in turn an effective agent in modifying the limit- 
ing agency. 

In the attempt to explain, or establish “rela- 
tionships” between natural conditions, human 
activities, and other facts as manifested in observ- 
able form in the landscape as modified by man, 
undue emphasis was placed on the importance 
of “relationships.” Therefore these two subdivi- 
sions of the subject diverged from one another 
more and more, and both diverged from the idea 
that geography is concerned with area. On the 
one hand, Physical Geography became increas- 
ingly a study of forces producing material feat- 
ures such as land forms; Human Geography 
primarily a search for “relationships” between 
the natural environment, human activities, and 
the material manifestation of their results, or an 
attempt to establish environmental control as 
their basis. 

Present-day Geography, Shortly after the be- 
ginning of the present century, this illogical and 
unfortxmate development of the subject lost in 
popularity and, of late, geography has become 
more and more concerned with giving identity 
to areas, no two of which are exactly alike, in 
attempting to make them real. This is a logical 
objective, as geographic inquiry is properly asso- 
ciated with space and place, with units of the 
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earth's surface or 'areas,” mostly inhabited, and 
with the populations as essential a part of the 
areas as are their other features. Geography is 
thus a body of organized facts related to definite 
places and concerned with the adjustments be- 
tween population groups and the regions where 
they live, or a study of the earth and man. This 
delimitation of the subject is sanctioned by long 
usage; it is implicit in the name of the subject 
itself which, derived from two Greek words, 
means "description of the earth.” Geography is 
not, however, a study of all facts which find areal 
expression, but only of those of "observable” 
material expression, and particularly of those 
which limit man and his present and potential 
activities; and of those which find expression in 
forms resulting from man s impress on an area. 
For example, a study of rail lines lies within the 
field of geography; one of rail rates as such does 
not. However, consideration of rail rates as they 
affect crop systems, or any other observable ma- 
terial feature of an area, is within the field of 
geographic inquiry. 

Geography is thus in all its phases a study of 
legions: either a study of certain regional aspects 


or a unified study or all, within the limitations 
stated previously. Studies of limited scope give 
rise to special fields of geography, if of produc- 
tion, to economic geography, if of those aspects 
which affect international relations, to poHtical 
geography; if the geography of past periods is 
the subject of study, to historical geography. 
Other special fields are limited similarly. If, how- 
ever, the study involves consideration of all the 
observable m^t xal aspects of the natural and 
cultural environments in their varied interrela- 
tionships, it is regional geography. 

Such regional study: describing, explaining, 
and evaluating the actualities and potentialities 
of the observable material features of areas in 
their complex interrelationships, is the culmina- 
tion of all geographic inquiry. In the final anal- 
ysis, therefore, the field of geographic study is the 
face of the earth, with special reference to areal 
differentiation, that is, the varied spatial arrange- 
ments and interrelationships of the facts of area. 
In the following chapters, we shall proceed to 
inquire as to some of the ways in which this 
differentiation manifests itself and some of the 
causes for these striking differences in areas. 


QUESTIONS AND EXERCISES 


1. Why did expansion of the field of human knowl- 
edge render its subdivision desirable? 

2. Locate Babylon and Egypt on a map Why did 
the Egyptian belief as to the shape of the earth 
differ from the Babylonian? 

3. What "fantastic ideas” as to conditions in distant 
areas were current during the earlier periods of 
history? 

4. What evidence have we that the earth is roughly 
spherical in shaped 

5. Who was Herodotus? When and where did he 
live and with what fields of knowledge is his 
name associated^ 

6. Where did the earliest civilizations of the West- 
ern world develops Why was this region particu- 
larly favorable for the development of civiliza- 
tions at an early date? 

7. Why is the Nile River a poor division between 
Africa and Asia? Locate the Iiidfus and Niger 
rivers on a map. 

8 How did the Ptolemaic maps influence Colum- 
bus m his belief that he had reached India 
rather than discovered a New World? 

9. What is amber? Why was it an item of trade dur- 
ing the Dark Ages? 


10 Why did the lack of printed books prevent rapid 
diffusion of geographic knowledge^ When did 
printed books appear? 

11. Who was Marco Polo^ What coxmtries did he 
visit and when did he visit them? 

12. What Mediterranean cities were important in 
the trade with the East during the Medieval pe- 
riod? Locate these cities on a map and explain 
how their location enabled them to function in 
this trade. 

13. Who was Prester John and what is the legend 
associated with his name^ 

14. How many voyages did Columbus make to the 
New World? What areas did he visit on these 
voyages? 

15. Report on the explorations of Cabot, Balboa, and 
Magellan. 

16. What contments and large islands still remain 
unexplored and unmapped in part? 

17. What did "natural history” formerly include? 
Why was geography a logical part of the sub- 
ject? 

18. With recognition of geography as a separate 
subject, into what two fields was investigation 
divided? How and why did these two fields di- 
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verge from one another, and in what respects deal? What is “economic geogiaphy”? “Political 

did botli diverge from the earlier field of the geography ? 

subject? 20. Why is legional geography the culminating as- 

19. What is the field of present-day geographic in- pect of all geographic inquiry^^ 

quiry? With what types of facts does geography 
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Chapter Two 

MAN: HIS NUMBERS AND DISTRIBUTION 


Distribution of the World's Population, One 
of the most obvious manifestations of areal differ- 
entiation is afforded by the uneven distribution 
of the earth’s inhabitants, nearly 95 per cent of 
v^^hom live in the so-called "people’s hemisphere.” 
This is the half of the earth’s surface centered 
around a point in the French-Italian Alps. One 
reason for such a concentration of population on 
this 50 per cent of the earth’s surface will be 
apparent after examination of Fig, 248, for it is 
essentially the land hemisphere. 

. In addition to this aggregation of population, 
related at least in part to the distribution of land 
and water, there are other and possibly even more 
striking concentrations of the world’s inhabitants, 
at present believed to number approximately 
2,250,000,000. This is about 40 persons to the 
square mile of land surface, or approximately 
90 per cent of the average number per square 
mile for the United States in 1940. But, though 
this average is relatively low, population densi- 
ties in limited areas are high; for 50 per cent of 
the earth’s inhabitants live on less than one- 
tenth, and 65 per cent, on one-seventh of its 
land surface. 

Thus the continent of Asia, with its western 
penmsula-like extension, the continent of Europe, 
though comprising but slightly more than one- 
third^ of the earth’s land surface, is today the 
home of at least 75 per cent of the world’s peo- 
ple. Within this area, also, population densities 
vary greatly. For example, central Asia, some- 
times known as the ""dead heart” of the continent, 
and the frozen north bordering the polar seas, 
are sparsely settled. By contrast, China, India, 
and Japan have nearly 1,000,000,000 inhabitants, 
or almost one-half of the world’s total population. 

Differing from these densely occupied areas, 
all north of the equator, the lands of the Southern 


Hemisphere have relatively few inhabitants; less 
than 10 per cent of the number for the entire 
world. Australia, the only continent other than 
uninhabited, ice-buried Antarctica lying entirely 
south of the equator, has about the population of 
prewar Tokyo, Japan. South America, both north 
and south of the equator, supports only a few 
milHons more than do the four main islands of 
Japan; Africa, south of the equator, less than 
half as many as does that Island Empire. All the 
land masses of the Southern Hemisphere com- j 
bined are the home of only about one-quarter 
of the probable number living in Chma alone. ^ 

Of all the lands of the Southern Hemisphere, 
indeed, only Java is densely populated. This 
island, with an area slightly more than 90 per 
cent of that of Iowa, today supports nearly 
50,000,000 people, an increase of 1000 per cent 
over the number in 1800. In this human anthill 
the average population density is almost 1000 
persons to the square mile, approximately 22 
times that of Iowa, a very productive agricul- 
tural area. Further, numbers continue to grow 
with disturbing rapidity. 

When the world’s present population is 
studied, it is apparent that two outstanding facts 
are its very uneven distribution, and its concen- 
tration in areas north of the equator, especially 
marked in eastern and southeastern Asia. A third 
is that rates of increase vary from area to area, 
sometimes even more greatly than do present 
densities. Such great differences in man’s distri- 
bution and rates of increase must be more than 
accidental. 

The Period of Mans Occupancy of the Earth. 
All investigations indicate that many generations 
of man have inhabited the earth. This is true even 
for those areas which are sparsely occupied at 
present, as well as for others where natural oppor- 
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POPULATIONS AND AREAS 
OF THE CONTINENTS 
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Fig. 4. This diagram shows both actual and 
relative areas and the populations of the continents. 
Note particularly the great difference between tlie 
populations of Europe and Australia by contrast with 
the comparatively small difference m their areas. 


tunity is greater and populations are denser. 
Though the probable time has been fixed ap- 
proximately, the available record is so incom- 
plete we are still uncertain exactly when and 
where man first established himself. Certain it 
is, however, that the period of his existence for 
which we have no documentary evidence is many 
times the length of that for which we have such 
a record. 

In fact, his first appearance occurred so long 
before the dawn of history that our knowledge 


of man of those long bygone times must be ob- 
tained from his skeletal remains and implements, 
and the bones of the animals with which these 
remains are found in caves or gravels and other 
loose deposits in which they have been preserved. 
From a study of these, we know something of 
how he lived, and that prehistoric man inhabited 
the earth at least as early as the Ice Age. 

Areas Where Man First Established Himself 
In speculating as to what parts of the earth's 
surface weie possible of human occupation dur- 
ing the earliest stages of man s existence, it is 
obvious that certain areas should be excluded 
from serious consideration. It is improbable, for 
example, that the colder polar regions were the 
home of man during the long period of time 
when he had no adequate means of protection 
from low temperatures. Similarly, others of ex- 
treme aridity, and those of the hot, humid, 
densely forested tropics presented conditions with 
which it IS unlikely he could cope effectively 
early m the life of the human race. 

This limits the probable places of his origin to 
the widely dispersed tracts of grassland and I'ela- 
tively open forest which lie between the almost 
impenetrable forests of the rainy tropics and the 
frozen wastes near the poles. In fact, it is in such 
regions that the remains, implements, and traces 
of the activities of very early man have been 
discovered. From these areas, he has today spread 
to practically all parts of the earth's land surface, 
as progress has made it possible for him to meet 
the more adverse conditions of less favored loca- 
tions successfully. 

Areas Where Man Has Today Established 
Himself. Nature imposes difficult but not im- 
passable barriers to the spread of advanced popu- 
lations. No longer do high mountains or wide 
expanses of ocean water prevent man's move- 
ment from one part of the earth's surface to an- 
other, as they did until rather recently. Neither 
do low temperatures, scanty or excessive rain- 
fall, or other unfavorable environmental condi- 
tions preclude the possibility of his occupation 
of an area, as they did in the remote past. Today, 
as a result of this development, man, by contrast 
with a given species of plant or animal life, is 
ubiquitous; he is found almost everywhere on 
the earth's surface where land appears. 

If there is water, or the possibility of securing 
it, he commonly makes use of this opportunity 
to practice agriculture, even in desert regions. 
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He likewise makes his home in the higher lati- 
tudes, or near the poles, where the land is ex- 
posed, though often forced to turn to the sea 
for most of his food supply and to satisfy other 
needs. In the higher altitudes as well, he occu- 
pies areas free from peimanent snow and ice 
cover, if slopes are not impossibly steep. High 
plateaus were even preferred as locations for the 
early Indian civilizations of the tropical Americas, 
where the oppressive heat and humidity of the 
adjacent lowlands, and their dense and luxuriant 
vegetation, impose handicaps dijfficult to over- 
come. In the higher latitudes, or nearer the poles, 
however, occupation of highland areas offers less 
attraction, and is frequently intermittent, being 
confined to those months of the year when the 
snow cover disappears with the coming of sum- 
mer. 

Man has at last, many centuries after his first 
appearance on the earth’s surface, succeeded in 
establishing himself in many places where natural 
opportunity is relatively hmited, and even where 
conditions are so unattractive that it is difiBcult 
to understand his presence, unless under com- 
pulsion. Except for regions of shifting sand in the 
driest of deserts, limited areas of steep slopes or 
bare rock, perpetually ice-covered lands near the 
poles, and snow-covered high mountains, prac- 
tically all parts of the earth’s land surface today 
support populations of varying degrees of density. 

Origin of the Present Distribution of Popula- 
tion. Though it is true that man has finally spread 
to virtually all parts of the earth’s land surface, 
his distribution is still very uneven and some- 
times rather difficult to explain. Inspection of the 
accompanying map, Fig. 5, will disclose several 
densely populated areas, each surrounded by 
extensive, much more sparsely inhabited belts. 
These areas with dense populations are of rela- 
tively limited size, widely scattered, and sepa- 
rated by considerable distances, with densities 
in the bordering belts decreasing with varying 
degrees of rapidity. 

The fact there are a number of such popula- 
tion concentrations, m association with their dis- 
persal, suggests that diffusion probably did not 
occur from one, but from several centers, with 
the degree and extent of the spread from a given 
center related to the attraction of bordering areas. 
In some cases, this desirability of the centers 
from which diffusion occurred resulted from cli- 
matic and topographic conditions, in others, it 


may have derived from additional factors as well, 
particularly within recent times. Whatever it may 
have been, the initial attraction which afforded 
opportunity to man was enhanced by the activ- 
ities of the first human occupants, so that the 
nuclear characteristics were intensified and suc- 
cessive accretions or additions of population oc- 
curred. Thus the present distnbution of mankind 
indicates not only those portions of the earth s 
surface where the original opportunity afforded 
by nature was great, but the end product of popu- 
lation growth, induced by natural advantages, 
plus their modification by man’s activities. 

The World's Total Population Past and Pres- 
ent. The total number of the earth’s inhabitants 
at present is not known definitely. This is because 
accurate enumerations are lacking for many areas. 
Estimates of the numbers for earlier periods are 
even less reliable, bemg only rough approxima- 
tions based in considerable part on probable 
densities associated with the stage of develop- 
ment and economic activities. 

Censuses were taken during early times, it is 
true, but these were for special purposes, such as 
determining the number of men available for 
military service, or those subject to taxation. Such 
partial enumeiations afford unsatisfactory data 
for estimating total population. Because of an 
inadequate basis, therefore, estimates of the 
world’s total population during the earlier periods 
of the past are at best only intelligent guesses. 

Not until about 1800 was knowledge of the 
total number of inhabitants reasonably accurate, 
even for limited areas, for, prior to that time, 
there was much opposition to counting the peo- 
ple. Thus, when an enumeration was proposed 
for Great Britain in 1753, many argued that it 
would be an invasion of personal hberty, and 
that it would likewise expose national weakness. 
By the end of the nineteenth century, however, 
trustworthy censuses were available for most 
parts of the world with white populations. Simi- 
lar enumerations had likewise been made for 
India by 1901, and for Japan by 1920. Never- 
theless, the population of China, probably almost 
25 per cent of the world’s total, is still known 
only approximately. The same is true for the 
populations of several other areas. This is un- 
fortunate, for, if we knew the numbers of the 
world’s inhabitants, present and past, and their 
distribution over a long period of time, we would 
possess information of great interest and value. 
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Fig. 6. Distribution of the total population of the United States in 1940. This map shows that. (1) there 
is great variation in population density from area to area, (2) the eastern half of the United States is more 
densely populated than the western, and (3) there is greater variation m population density in tlie eastern 
than in the western half of the country. 

In the eastern half of the United States, the densely populated areas are good agricultural regions such as 
the Mississippi Valley, or those where commerce or industry, or both, are highly developed. Areas with 
sparse populations in this part of the country include the cutover lands of the Lake States and elsewhere, 
rough country such as parts of the Appalachians and Ozarks, and poorly drained areas, some of which are 
salt marshes and swamps, like those of Florida. 

The dense populations of the western half of the United States are in the Valley of Cahfornia and ad- 
jacent areas, the Willamette Valley of Oregon, and the Puget Sound region of Washington. These are 
all lowlands There is also one other area which supports many inhabitants. This is the Salt Lake Oasis. 
By contrast with these four regions, the Great Basin, the Rockies of Idaho, western Texas, and the Nebraska 
Sand Hills are sparsely inhabited. ( Courtesy of J. W Alexander, G. A. Zahorchak, and the Geographical 
Review, Population Density Maps of the United States. Techniques and Patterns, New York, 1943.) 


However, even though the present fragmentary 
data do not cover more than 60 per cent of the 
world’s inhabitants with any great degree of 
accuracy, an estimate of the world’s total popu- 
lation as approximately 2,250,000,000 is prob- 
ably not far from correct. 

Fresent Location of Densely Populated Areas. 
There are today three relatively large areas where 
population densities are far above the average. 
These are: (1) eastern and southeastern Asia; 
(2) western Europe; and (3) northeastern 
United States and adjacent parts of Canada. In 
addition, there are several others, such as the Nile 
V'alley, of more limited areal extent. In western 


Europe and northeastern United States, the sup- 
port of large numbers is made possible by com- 
paratively recent and extensive industrial devel- 
opment. In eastern and southeastern Asia, and in 
the Nile Valley as well, however, agriculture is 
still the principal economic activity. 

Present Location of Sparsely Populated Areas. 
By contrast with such densely populated areas 
in Asia, Europe, and North America, other parts 
of the earth’s land surface often have but few 
inhabitants. Study of the map, Fig 5, will show 
that this is true in all latitudes, or at all distances 
from the equator. Near the poles, continuously 
low temperatures limit opportunity too greatly 
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to permit of many inhabitants; in the hot and 
humid tropics, conditions are hkewise unfavor- 
able for the support of large numbers. Elsewhere, 
either aridity or excessive precipitation, or high 
altitudes and low temperatures, are deterrents to 
human occupancy. These same factors which 
operate to limit the number of inhabitants in large 
areas aie likewise effective locally in others which 
are smaller and in geneial densely populated. 


Thus, m India, with a population probably now 
in excess of 400,000,000, and densities m limited 
areas of Bengal of 2000 or more per square mile 
in purely agricultural areas, the number of per- 
sons to the square mile drops to 157 in the north- 
east, in Assam, where rainfall is excessive, and to 
9 in the northwest, in Baluchistan, where it is too 
dry. Though such variations are undeistandable, 
there are many anomalies or peculiarities of popu- 



Fig. 7. Distribution of the rural population of the United States in 1940 This map shows the distribution 
of all persons living on farms, m unincorporated places, and in all population aggregations with less than 2500 
inhabitants. It will be observed that rural, like total population, is much denser in eastern than in western 
United States, except locally in limited areas of the West. 

In the more densely populated eastern half of the country, characterized by population belts with north- 
south trends, the areas with sparse rural populations are in general those with unfavorable topography, and 
often unproductive soils as well, for rainfall is everywhere ample, being 20 inches or more Densities above 
the average may represent suburban development, as in th^ Chicago aiea; or mining camps, as in parts of 
eastern Kentucky In the northern portion of the more densely populated' eastern half of the United States, 
part of the seemingly large rural population hves in small towns, too small to be counted as urban centers 
because they have fewer than 2500 inhabitants. In the southern portion of this same eastern half of the United 
States, however, most of the rural population actually lives on farms, for this part of the country has a dense 
farm population by comparison with other parts of the United States. 

To tlie west of the more densely populated agricultural regions of the eastern United States, there is a 
transition zone, where extensive grain farming and grazing of livestock on large landholdings support the 
population except in limited areas under irrigation. To the west of this belt, and extending to the West 
Coast, rural population is sparse, less than 2 persons to the square mile, except in irrigated districts and mining 
cen ers. In tlm extreme West, along the Coast, there are three distinct areas where rural population is rela- 
X (1) the Puget Sound-Willamette region; (2) the Great Valley 

of California and adjacent areas and (3) the irrigated basins of Southern California. (Courtesy of I W. 
A exander, G. A. Zaliorchak, and the Geographical Review, Population Density Maps of the United States; 
Techniques and Patterns, New York, 1943.) r 
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lation distribution which are puzzling. It is diffi- 
cult to explain, for example, the relatively sparse 
population of Burma, 60 persons to the square 
mile, when neighboring areas are so badly con- 
gested. Similarly, all the factors opeiative to pro- 
duce great local concentrations of population, as 
m Java, are not known definitely. 

Foptilaiion Distribution in the United States 
The same variation in population density which 
IS so apparent for the world as a whole is similaily 
marked in the United States. For example, though 
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the average density was 44 2 persons to the 
squaie mile m 1940, Nevada then supported 
only one person for each square mile of its land 
surface. By contrast, crowded Rhode Island, the 
smallest state in the Union, had 674 2 inhabitants 
to the square mile in the same year. Comparable 
variations will be discovered by a study of the 
three maps. Figs. 6, 7, and 8, which show the 
distribution of total, rural, and farm population 
for the United States in 1940. 

The present pattern of population distribution 
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Fig. 8. Distribution of the farm population of the United States m 1940. Farm population is that part 
of the population living on farms, irrespective of occupation A ‘‘farm^' is a tract of land of at least 3 acres, 
or one with an annual production of $250 00 or more in \ alue. 

Though tire map showing distribution of total poj^ulation. Fig. 6, shows the eastern half of die United 
States to be more densely settled in its northern portion, it is apparent from the map above. Fig. 8, tliat the 
southeastern states have a denser farm population An exception to tins general rule will be noted m south- 
eastern Pennsylvania, a very productive agricultural region since Colonial times This limited area has den- 
sities compaiable to tliose of southeastern United States It will likewise be noted that, with farm as with 
rural population, densities in general decrease westward m the eastern half of the United States. 

In southeastern United States, these moderately high densities of farm population occur not only in 
the Cotton Belt, but in such poor agricultural areas as the hill country of Kentucky and Tennessee as well 
These considerable densities result from a combination of small farms, made possible by cash crops such as 
cotton and tobacco, a subsistence or semisubsistence type of agriculture m some areas; large families, and 
generafiy low standards of living. 

In the western half of tlie United States, farm populations are in general sparse, less than 2 persons to 
the square mile over extensive areas. Exceptions to this general rule represent irrigated oases, or greater 
natural opportunity m Pacific Coast valleys, either with or without irrigation, dependent on the adequacy of 
precipitation. (Courtesy of J. W. Alexander, G. A Zahorchak, and the Geographical Review, Population 
Density Maps of the United States: Techniques and Patterns, New York, 1943.) 
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in the United States represents an evolution from 
that of the Colonial period, when white inhabi- 
tants were few in number and settlement was 
confined largely to the Atlantic seaboard. Shortly 
after the American Revolution, a slow movement 
to the west of the Appalachians occurred. At 
first, the numbers involved were small because 
of the difficulty and danger of the journey. By 
the middle of the nineteenth century, this move- 
ment accelerated, and, toward its close and at the 
beginning of the present century, a flood of 
European immigrants arrived to people the re- 
maining vacant lands to the west of the mountains 
bordering the Eastern seaboard. This settlement 
of the interior and of the West Coast has been 
accompanied by a westward shift of the center of 
population. This shift was marked for several 
decades, but, during the 10-year period ending 
in 1940, it was slight. Since that date, though 
growth of total population has not been phe- 
nomenal and probably will cease completely in 
the relatively near future, internal movement 
associated with wartime dislocations has affected 
location of the center of population mateiially. 
This will probably influence the national outlook 
and life appreciably. 

The Present Distribution of the World* s Popu^ 
lotion. The present distribution of man, with its 
anomalies or peculiarities, is only one stage of a 
continually altering pattern; the present distribu- 
tion is not that of the past, nor will it be that of 
the future. The reasons for these past and present 
differences in distribution are not fully known. 
Further they are unpredictable for the future, 
except in part, for, though certain causes are to 
some extent permanent in their effects, some no 
longer operate as in the past; others are now 
beginning to function; and the future will un- 
doubtedly bring still others into play. 

The effects of climatic conditions, for example, 
though variable with time, are probably constant 
in character. By contrast, the oceans, formerly 
impassable barriers to the spread of man, now 
function to connect the lands and facilitate move- 


ment. Again, the presence of considerable de- 
posits of certain minerals, early of no importance, 
today affect regional potentialities, both in the 
areas where such deposits occur and elsewhere. 
If and when uses are discovered for other ‘re- 
sources,” today considered valueless, they, in 
their turn, will play a comparable role in their 
effect on man’s distribution. 

In addition to the variable effect of factors of 
the natural environment, such as mineral wealth, 
at different stages of human development, ad- 
vance m civilization has produced some condi- 
tions which favor population increase and others 
which operate to ensure stationary or even de- 
creasing numbers. At an earlier period, the belief 
expressed at the close of the eighteenth century 
by Malthus, an English economist, that popula- 
tion would everywhere eventually overtake the 
ability of the earth to support its numbers, was 
shared by many well-informed persons. Today, 
by contrast, in highly developed, industrialized 
societies of the Western world, rising standards 
of living, increasing urbanization, and the accom- 
panying small families, have dissipated this fear. 
In its stead, there is now the apprehension that 
the more intelligent and progressive elements of 
the white races may be submerged by the rising 
tide of inferior white stocks, or of colored popu- 
lations, whose increase still continues essentially 
unchecked. 

To make prediction of future populations of 
given regions still more difficult, governments 
have encouraged movement into certain terri- 
tories by subsidy; in other cases, they have set 
up barriers, by enaction of immigration laws 
which establish quotas or even prohibit com- 
pletely the free movement of certain population 
groups into designated areas. Laws governing 
emigration may likewise produce comparable re- 
sults. Therefore, in view of the uncertainty as 
to both the factors operative, and their probable 
actual and relative effects, prediction of the future 
distribution of man with any great degree of 
accuracy is manifestly impossible. 


QUESTIONS AND EXERCISES 


1. In what aspects may areas differ, both as re- 
gards natural conditions and those resulting 
from man s activities? Why has such areal dif- 
ferentiation long been of interest to man^ 

2 What IS the ‘people’s hemisphere”? What is its 


relation to the “land hemisphere”? Why this re- 
lationship? What fraction of the world’s inhabi- 
tants live in the “people’s hemisphere”'^ 

3 What is the probable total world population? 
How does the probable average density ol world 
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population compare with that of tlie United 
States? With that of )/our home stated 

4. How does the population of Australia compare 
m size with that of prewar Tokyo, Japan^ How 
does the population of all South America com- 
pare with that of the four mam islands of Japan^ 
What was the prewar population of Tokyo^ 
What is the population of South America^ Of 
South America south of the equator? Of the four 
main islands of Japan? 

5 Why are the lands of the Southern Hemisphere 
so much less densely populated tlian those north 
of the equator? What island in the Southern 
Hemisphere has a very dense population? What 
is the total population of this island at present? 
How rapidly is its population increasing? Who 
owns this island? 

6. State two outstanding aspects or facts of the 
world's population distribution. How do rates of 
population increase compare with population 
distribution as regards variability? 

7. For how long a period has man been established 
on the earth? What evidence have we of that 
fact? In what types of natural settings did man 
probably have his origin? Why? 

8 Why are tropical highlands preferable to the ad- 
jacent lowlands for human habitation? From 
what handicaps do such highlands suffer? Why 
are highlands far from the equator relatively less 
desirable as a home for man than those of the 
tropics? 

9. Locate those parts of the earth which are most 
densely populated today. Which of these have 
been densely populated for a long period of 
time, and which have become densely inhabited 
rather recently? 

10. How does the distiibution of population shown 
in Fig. 5 suggest that diffusion of population 
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probably occurred from se\'eral rather than one 
center? 

11. What does the present distribution of the world’s 
population reflect, other than the mitial desira- 
bility which influenced the first occupation? 

12. When did censuses of population begin to attain 
a fair degree of accuracy? Why was there fre- 
quent objection to enumerations of population 
prior to that date? Why are counts of population 
for limited objectnes, such as determining the 
men of military age, unreliable as a basis for 
estimating total population? For how large a 
fraction of the world’s total population do we 
now have reliable census data? 

13. What part of the United States is most densely 
populated? What supports the population in this 
part of the country? Which one of the states is 
most densely populated? Most sparsely popu- 
lated? Where is the center of population of the 
United States located at present? 

14. What is meant by “rural population”? What 
part of tlie United States supports tlie densest 
rural population? Why is rural population so 
dense north of the Ohio and east of the Missis- 
sippi River? What three areas on tire West Coast 
have relatively dense rural populations? Why? 

15. What is meant by “farm population”? In what 
part of the United States is farm population 
densest? Why? What makes the dense farm pop- 
ulations of relatively poor agricultural areas in 
tlie southeastern states possible? 

16 Why is it diflBcult to predict future populations 
for definite areas with any great degree of ac- 
curacy? Who was Malthus? What did he predict 
as to the future for world population? What fac- 
tors have come into play of late to change our 
views as to probable future populations? 
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chapter Three 

FACTORS AFFECTING THE POPULATION PATTERN 


Variation in Population Density, Previous 
consideration indicates a very uneven distribu- 
tion of man over the land surface of the earth. 
Since regions which are too dry, too wet, or too 
cold offer only limited economic opportunity, it 
is easy to understand why they support few in- 
habitants, except locally. There, water may offer 
the possibility of profitable irrigation in dry 
areas; plantation agriculture may bring limited 
acreages of the hot and humid tropics into pro- 
ductive use; or valuable mineral deposits in any 
one of these climatically handicapped regions 
may tempt exploitation and settlement of some 
density. 

Even in regions of considerable and appar- 
ently similar natural opportunity, however, popu- 
lation densities and economic activities are often 
unlike, and both are subject to change in any 
given area with the passage of time. Though not 
all the causes for this are known, some are ap- 
parently responsible, at least in part, for such, 
differences. Outstanding in this list is the stage"' 
of man’s development, which affects environmen-/ 
tal values and thereby human choice. 

The Environment and Its Function. There is, 
of course, nothing about any environment, even 
one offering great natural opportunity, which 
ensures either a dense population or human pro- 
gress. Thus an area may be potentially able to 
support large numbers, yet be but sparsely occu- 
pied, with the inhabitants only a few steps re- 
moved from savagery. This is because the en- 
vironment only offers opportunity. If great, a 
large number of people can be^supported, yet 
few may choose to hve there; again, the possi- 
bilities for many profitable economic activities 
may exist, but the number accepted will be 
small. In other words, the environment is a 
passive, not an active agent; it permits, but it 


does not compel. For this reason, there are parts 
of the earth’s surface where natural conditions 
are apparently satisfactory, yet population is 
nevertheless sparse, and development is limited. 
Environment, then, functions by offering great, 
moderate, or even severely restricted opportunity, 
thus modifying the range of the effective choice 
of both the individual and the population gioup. 

The Environment and Mans Economic Activ- 
ities. The operation of environment as it affects 
man s economic activities may be illustrated by 
the following example. The climate, soils, topog- 
raphy, natural drainage, and other physical con- 
ditions of the Ohio Valley are in general favor- 
able for agriculture. Because of this fact, settlers 
flocked to the region late in the eighteenth and 
early in the nineteenth century, to take advan- 
tage of this opportunity for gainful activity. 
After arrival, they were confronted with the 
problem of what crops to plant, for they had a 
considerable hst from which to make a selection, 
in addition to a choice of agricultural practices 
to be followed in growing them. In their initial, 
erroneous beliefs concerning the climate, result- 
ing from accounts by many writers, including 
Jefferson, production of cotton, nee, and indigo 
was considered to be possible, even north of the 
Ohio River. In fact, cotton was actually grown, 
though not successfully, as far north as Vincennes, 
in southwestern Indiana. 

To attract settlers from the East and Europe, 
land companies fostered this behef about the 
climate by advertising the unusual possibilities it 
afforded for agriculture. For many years, there- 
fore, attempts were made to grow crops which 
the environment did not permit to be produced 
to advantage. Even as late as 1880, for example, 
cotton was grown in many parts of Kentucky, 
despite the climatic limitation. Today, however, 
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it has disappeared except along the Mississippi 
River, in Fulton County, for experience has 
demonstrated that elsewhere the frost-free season 
is too short for its economic production. 

After elimination of cotton and similarly un- 
suitable crops, a relatively short list from which 
to make an effective selection remained: corn, 
wheat, oats, barley, rye, hay, potatoes, and sev- 
eral others, any one of which could be grown 
more or less profitably. It will be noted that the 
environment limited the range of the effective 
choice of crops, but that it did not determine 
the specific crops grown. The individual farmer 
decided: first, that he wished to engage in agri- 
culture; and, second, exactly what crops he would 
grow, by exercise of his own choice. It is appar- 
ent that, in the final analysis, the exact occupa- 
tions followed in any given area are determined 
by human choice, either free or restricted, within 
definite limits imposed by environment. There- 
fore the environment is a limiting factor only. 
It is equally apparent that neither form of gov- 
ernment nor any other factor can offset com- 
pletely the handicaps imposed by a poor natural 
environment. Man cannot ‘conquer nature'^ by 
legislation or otherwise; he succeeds only inso- 
far as he adjusts his activities to profit from such , 
opportunity as nature affords. 

The Environment and Population Distribution, 
Where man lives, as well as how he makes his 
living, is in large part a result of exercise of 
choice on his part This is because he is able to 
move from place to place, except as physical 
barriers interpose, or the more formidable ob- 
stacles of governmental restrictions interfere. 
Therefore emigration is common, many persons 
leaving their homelands to seek their fortunes 
in distant areas. Such a movement was responsi- 
ble for the phenomenal growth of population 
which occurred in the United States during the 
long period of unrestricted immigration, when 
many individuals and families left western, south- 
ern and eastern Europe to come to the United 
States. These movements of both individuals and 
groups are motivated by what is conceived to be 
either a temporary or permanent improvement 
of opportunity, to be secured by a change of 
location. Such movements produce many minor 
alterations in population distribution, and occa- 
sionally major changes as well, together with 
important modifications of economic activities. 

Accompanying such movements, except those 


of minor or temporary character, either absorp- 
tion or displacement of earher occupants of the 
areas invaded normally occurs. This has hap- 
pened many times in the past, and it likewise 
often follows today whenever advanced popula- 
tions take over a comparatively undeveloped 
area at the expense of primitive native peoples. 
In our own country, for example, we have dis- 
possessed the North American Indian of prac- 
tically all his formerly extensive landholdings 
within comparatively recent years. It is apparent 
that mans choice as to where he lives operates 
subject to certain hmitations, one of which is his 
abihty to hold possession of, or to secure, by 
force if necessary, the area desired. 

Government and Its Effects on Population 
Distribution and Economic Activities, The effi- 
ciency and form of government affect both popu- 
lation density and kind and degree of economic 
development. Instability of government makes 
for general uncertainty as to personal security 
and the undisturbed possession of legitimately 
acquired property. It hkewise tends to prevent 
immigration and restrict development Laws 
limiting emigration or immigration interfere with 
the free movement of population. Totalitarian 
governments interfere with both freedom of 
choice of where to live and occupation. How- 
ever, though growth of population and progress 
may be encouraged, retarded, or even prevented 
by unwise or punitive legislation, prosperity can- 
not be attained by government alone. 

Therefore, when different parts of the United 
States, or even of individual states, are compared, 
differences in degree of progress are found which 
are considerable, though perhaps not so great as 
those for the world as a whole. For example, in 
some of the more isolated regions of the southern 
Appalachians, our “contemporary ancestors,’^ 
people whose ways of living have altered very 
little since the days of the American Revolution, 
still lead an essentially pioneer type of existence. 
Though they are of the same population stock, 
and have been subject to the same laws as have 
all people in the United States, they have obvi- 
ously not profited greatly from the government 
which may have contributed in some degree to 
the progress and prosperity of others livmg not 
far away. It is apparent that legislation alone 
will produce neither prosperity nor progress. The 
most it can accomplish is to stimulate enterprise; 
the worst, to stifle initiative, 
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Fic 9 A Kentucky Mountain home on Messer Branch, a tributary of the North Folk of the Kentucky 
River, near Hazard, Perry County, Kentucky. During tlie pioneer period and with pioneer standards of 
living, when population was sparse and game was abundant, this locality was considered favored by 
nature, for it afforded food, water, fuel, and building material Under the changed conditions of today, 
however, with major dependence on agriculture for support, this is no longer true The only land possible 
of cultivation is the flat area in the foreground, in corn, the fields in the background, in tlie process of capture 
by brush, have suffered so severely from erosion that practically no soil remains All farm buildings are 
shown. The house is of log construction, with roof of hand-split shingles and chimney of sandstone slabs, 
laid with mud for morter To the left, on the edge of tlie tree-covered slope, is the family burying ground 
with its markers. These works of man furnish visible evidence that, though earlier considered desirable by 
the pioneer, this is today an area where standards of living are low, and in need of rehabilitation. 


Limitation of Human Choice and the Results 
of Unwise Choice. Man’s choice operates within 
limits imposed by environment and government. 
If these do not restrict too greatly, and choice 
is Mdse, the success of the individual will vary in 
proportion to possibilities fixed by his inheritance, 
if it IS unfortunate, he may even fail, despite 
his abilities. The fact that certain individuals or 
population groups live in areas of their OMm selec- 
tion, and follow methods of obtaining a livelihood 
of their own choice, does not prove that the areas 
chosen were the best available, nor that they are 
being used to maximum advantage. 

Thus it is probable that some people in your 
own state are living in poor areas, or where only 
a bare existence is secured by following an un- 


wise method of obtaining a living. These are the 
so-called ‘‘backward” parts of the state, or areas 
in need of rehabilitation, which frequently means 
no more than effective use of existing but neg- 
lected opportunity. 

Environmental Change and Man. Neither the 
physical nor the cultural environment ever attains 
a condition of stability. During the more remote 
geological past, earthquakes, volcanic eruptions, 
flioods, and other phenomena of comparable rank 
and catastrophic characteristics, plus the proc- 
esses of weathering, the competition of life forms, 
and other agencies which operate more slowly 
and less spectacularly, worked either intermit- 
tently or continuously to alter the physiognomy 
of the earth’s surface. With the advent of man on 
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the scene, changes resulting from the operation 
of the agencies over v^hich he has little or no 
control, such as floods, continued, often at an 
accelerated rate. In addition, others were pro- 
duced by his attempts to use the opportunities 
afforded by the natural environment as a basis 
for support. Some of these changes were slow; 
others were rapid, as are those caused by the 
agencies over which he has slight, if any, control. 
However, them aggregate effect in modifying the 
environment, and in either increasing or decreas- 
ing opportumty for man has, over the period of 
history, commonly been much greater than that 
produced by those agencies which have operated 
both before and subsequent to his appearance on 
the scene. 

During the earlier period of man s existence, 
his numbers must have been few, the areas he 
occupied small, and his efforts to obtain a liveli- 
hood confined to a few activities, so that the 
total of their effect on the natural environment 
must have been limited. This condition persisted 
for thousands of years, or during that time when 
man was but barely distinguishable from the 
lower animals, when his capabihties for causing 
extensive change were restricted by lack of facil- 
ities for their production. As he advanced beyond 
this extremely primitive stage, however, his abil- 
ity to effect change of importance increased 
rapidly; and, the more advance he made, the 
greater the change he produced. With the pas- 
sage of time, therefore, both advance, and change 
made possible by such advance, proceeded at a 
continually accelerated rate, until today man him- 
self is, through his varied activities, the most 
important single agent in causing modification of 
his environment, thereby imposing new limita- 
tions on the range of his effective choice. 

Stage of Development and Environmental 
Values, Areal differentiation often results from 
differences in stage of development of population 
groups. Thus regions of apparently essential 
similarity of natural opportumty may be mark- 
edly unlike in both population density and the 
character of their economic activities, if inhabited 
by populations of different stages of development. 
The conditions in any given area may likewise 
change with the passage of time, presenting con- 
trasts similar to those observable between differ- 
ent regions at a given time, as populations of 
different stages of development preempt the area, 
or as development occurs within its borders. 


This results from the fact that both actual and 
relative values of the various environmental fac- 
tors of any given region depend in large part 
on the stage of development or the culture of its 
inhabitants. To primitive peoples, for example, a 
metaUic mineral such as gold is of shght worth, 
except as its color and luster may intrigue their 
interest. Therefore its attraction to the more ad- 
vanced white races is frequently incomprehensi- 
ble to populations of a low stage of development. 

Even after considerable advance in civilization 
had occurred, many resources at present of great 
importance in both our daily hfe and industry 
were considered valueless. This was true of an- 
tliracite, or hard coal, known as “stone coaF" 
because of its hardness and appearance. Though 
combustible, it could not be burned alone in the 
heating apphances then in use. Therefore it was 
of interest only as a curiosity, not as a fuel, and 
was thought to have no economic importance. 

Another outstanding example of change in the 
relative importance of a mineral is afforded by 
petroleum. When first pumped from shallow 
wells, it was of use chiefly as a source of kero- 
sene. Gasoline and other lighter distillates were 
then of much less value, since the market for 
them was limited. Only after invention of the 
internal combustion engine, and the large-scale 
production of automobiles, did gasoline find a 
ready sale in large volume. Today, however, 
though of such slight economic significance at an 
earher stage of man’s development, it plays an 
almost indispensable part in our daily life and a 
more and more significant role in world affairs. 
Peacetime pursuits use it; wars cannot be waged 
effectively without it; it is so important that it is 
sought assiduously in many parts of the world 
by all the great powers. Yet, less than half a 
century ago, it was considered to be of slight 
economic value. This illustration of alteration 
in the importance of a single asset of the environ- 
ment could be multiplied many times, and the 
future holds similar, though unknown changes in 
store. Such changes in the actual and relative 
values of environmental factors alter regional 
opportunity and contribute to the evolution of 
new patterns of areal differentiation, both from 
place to place at a given time, and within a given 
area from time to time. 

Cha7iging Views of Environmental Values. 
The history of the past affords many examples 
of difference in man s evaluation of a given en- 
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vironment. If, for example, an intelligent Roman 
citizen of the period when Rome dominated 
Mediterranean areas had been asked what he 
thought of the possibility of development of an 
important civilization in Great Britain, Germany, 
or the Scandinavian countries, he undoubtedly 
would have stated that it would be almost incon- 
ceivable, for their dense forests, great swamps, 
and rigorous chmates made it an improbabihty. 
Today, such a reply seems almost absurd, yet, at 
that date, the opinion was mtelligent and intelli- 
gible; for, at the then-existing stage of man's 
advancement, he could not cope effectively with 
the environmental conditions of those northern 
regions. Thus it appeared that they were doomed 
to a permanently low stage of development, and 
to occupancy for all time by ''barbarian” popula- 
tions. The Roman citizen thought of such areas 
much as most people think of the polar regions 
today, as ones of permanently low possibihties 
and development. 

Much later, but still long ago, during the earlier 
period of colonial occupation of the North Ameri- 
can continent, various objectives motivated ex- 
ploration and settlement. Today, however, few 
of the opportunities then thought to be afforded 
by environment bulk large in determining man's 
choice of economic activities in the areas which 
attracted early Spanish, French, and Enghsh 
attention. To the Spaniards, the New World was 
a land of almost fabulous wealth; the major 
attractions were the supposed stores of gold, 
silver, and precious stones; and the presence of 
such miraculous resources as a fountain, the 
waters of which would restore youth. These sup- 
plied the incentives which led Cortez to invade 
Mexico, Pizarro to overrun the empire of the 
Incas, and De Soto and Ponce de Leon to explore 
the southeastern United States. The French like- 
wise penetrated and occupied the Canadian in- 
terior to carry on activities different from those 
which today supply the bulk of the income of our 
neighbor to the north. Thus their interest, aside 
from that prompted by missionary zeal, was 
mostly in the fur trade, not agricultural possi- 
bilities, forest, and mineral wealth, all of the latter 
now much more important in the economic hfe 
of the Dominion. Similarly, English occupation 
of the Atlantic seaboard of the United States was 
based on conceived agricultural opportunity 
which has for many years been known to be 
practically nonexistent in most of the areas of 


early settlement. Therefore industrial develop- 
ment has almost completely supplanted agri- 
culture in many of them, as a result of our 
changed view of, and actual change in, environ- 
mental opportunity. Even where industry has not 
appeared, many of the early farms have reverted 
to forest, for experience has demonstrated the 
futility of attempting most types of agricultural 
production on the poor, sandy soils of much of 
the southeastern seaboard occupied by early 
English colonists. 

Change of views with respect to the relative 
environmental values of different areas continued, 
not only during the Colonial period, but for many 
years thereafter, down to the present day. For 
example, in 1867, at the time of the purchase of 
Alaska, long known as "Seward's Folly,” many 
intelligent individuals thought the expendituie 
involved unwise. Time, however, has proved the 
purchase economically sound, and an outstanding 
example of a profitable investment, either private 
or public; for the purchase price of $7,200,000 
has already been returned nearly three hundred- 
fold. Further, strategic considerations alone 
would today justify acquisition of this territory: 
an outpost on the great circle, or shortest route 
to eastern Asia. 

These changing views with respect to both 
actual and relative desirability of the envii'on- 
ments of given areas are sometimes related in 
part to actual changes in environment, but at 
least as often to the stage of man's advancement. 
To illustrate this fact, the limiting effects of en- 
vironment on populations of different stages of 
development will be considered briefly. 

Environment and Primitive Man. Primitive 
man is much more hmited by the local environ- 
ment than is civilized man. This is because he 
must obtain everything he needs from the area 
where he lives, or its immediate vicinity. There- 
fore he must construct his shelter from whatever 
is available near by, fashioning it from dried 
mud, or sun-dried brick, if no more satisfactory 
material is close at hand. In similar manner, he 
must make his clothing from plant fibers or ani- 
mal skins obtainable in the home area; and his 
food supply is abundant and varied in kind, or 
scanty and lacking in variety, depending on local 
resources. Even his tools and utensils must be 
devised from whatever the immediate locality 
affords. Everywhere, therefore, the environment 
of the home area imposes serious restrictions on 
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Fig. 10. An area of great natural beauty and an excellent setting for pioneer occupation in fire Valley 
of Greasy Creek, Harlan County, eastern fontucky Flanking the valley on either side, the steep, forested 
slopes of Black and Pine mountains supplied fuel, buildmg material, and, for many years, game The level 
land along the creek afforded pasture and the opportunity to grow corn Springs and tire creek furnished 
water for domestic use and for livestock. From the point of view of the pioneer of an earher period, this 
was an area of opportunity and promise. 


savage populations, which practice complete or 
essential self-sufficiency; that is, depend entirely, 
or for the most part, on their own exertions, and 
the resources of the home region or near-by areas 
to satisfy their needs. Among such populations, 
the relative desirability of areas is of necessity 
determined almctst entirely by the degree of self- 
sufficiency made possible by the natural environ- 
ment. 

The Early American Pioneer and Environmen- 
tal Values. Among the earlier pioneers, as with 
primitive populations, though in lesser degree, 
the practice of self-sufficiency was general. In the 
earlier history of the United States, for example, 
the settlers west of the Appalachians were cut 
off from contact with the Atlantic seaboard by 
forested topographic barriers, without highways 
other than poor trails. Thus only a few articles, 
small in bulk and high in value per unit of weight, 


could be brought in from the outside, even had 
the pioneers possessed the means to purchase 
them, which was generally not the case. There- 
fore essential self-sufficiency was the rule. Food 
was obtained locally by limited tillage of the 
soil, and by huntmg and fishing, surplus corn was 
converted into whiskey. Houses and other build- 
ings were of log construction. The forest likewise 
afforded fuel, support for domestic animals such 
as swine, and the material for making crude 
furniture. Clothing was made from the skins of 
animals, and from yarn spun and woven into 
cloth by the pioneer women. Light was furnished 
by hand-dipped candles or flares, and most of 
the minor wants were similarly satisfied from local 
resources. 

During this period, the pioneer judged the 
relative desirability of areas on the basis of 
whether they permitted attainment of essential 
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self-sufficiency. A forested region was preferred 
to one without trees, one abounding in game to 
one that did not offer such a soinrce of food sup- 
ply, one with springs and surface streams to one 
lacking those assets. If a limited amount of cul- 
tivable land with fairly productive soils was 
available, it sufficed for the pioneer crop, corn. 
Only with increasing population did topographic 
limitation of productive area become important 
The earher pioneer settlement, therefore, was in 
forested regions bordering stream courses, the 
flat and fertile prairie grasslands of the inter- 
stream areas were not occupied until much later, 
when changed views as to their relative desirabil- 
ity prevailed. 

Fresent-day Views of Envrionmental Desira- 
hility. With man’s increasing advancement, and 
particularly with improvement of means of trans- 
portation, criteria for judging relative areal de- 
sirability have altered. Though it is still true that 
a region presenting diverse possibilities is more 
desirable than one where opportunity is limited 
to a smaller number of choices of possible profit- 
able economic activities, the latter may today 
be of much greater importance than it was during 
earher periods of history. This is largely because 
of the possibilities for exchange inaugurated by 
our modern system of transportation. 

This present ability to exchange the products 
of one area for those of another has led to special- 
ization of effort and production where most 
effective, except as the desire to attain national 


self-sufficiency may interfere. It has likewise en- 
abled the accumulation of skills in specialized 
production, and material additions to the world s 
supply of goods, both in kind and quantity. 
Scarcity, a condition inseparable from primitive 
and early pioneer methods of obtaining a liveli- 
hood, make for little to distribute, abundance, 
resulting from man’s effective production in the 
most favored areas, has resulted in a grcatei sup- 
ply of material possessions and has been con- 
ducive to steadily rising standards of living. 
This change has contributed to accentuation ol 
areal differentiation, in addition to an alteration 
of the pattern. It has likewise led to certain 
evaluations and results which will be considered 
briefly in the following pages of this chapter. 

The Poleward March of Civilized Man. One 
of the important results of changing views as to 
the value of given environments is the increasing 
importance of the higher latitudes and the pole- 
ward march of population and civilization. For 
long confined to areas of moderate to high tem- 
peratures, man has at last attained a stage of 
development m which long, severely cold winters 
have lost much of their former terror Today, 
settlement, some involving limited agriculture, 
made possible by development of crops which 
will mature during a short frost-free season, has 
pushed far to the north, within a few miles of the 
Arctic Circle. Some enthusiasts claim that the 
end of this poleward extension of the settlements 
of civilized man has not been reached as yet. 



Fig. II* Wheat harvest time near North Battleford, western Saskatchewan, Canada Here, the grass- 
land passed into use without the necessity for clearing and the flatness of the country made effective mecha- 
nization of agriculture a possibility, leading to low costs of production on the generally large farms of the 
region. It is agricultural invasion of such areas that has led to great increase m the world’s food supply 
and thus contributed materially to raismg the standards of living. (Courtesy of the Canadian National 
Railways. ) 
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Fig. 12. A modern ocean liner. This vessel, 1029 feet in length and 119 feet in width, carries an enor- 
mous amount of freight, m addition to having accommodations for 1960 passengers Passengers and crew 
together, the crew numbering 1300, equal the population of New Bedford, Massachusetts in 1790, at which 
date that town was the eighth largest urban center m the United States It is the evolution of such improved 
means of travel and transportation which make return to the isolation and self-sufficiency of the past impos- 
sible m practice. (Courtesy of the French Lmes.) 


Certainly it is true that we have of late become 
increasingly interested in the wastes of snow and 
ice of the Arctic and Antarctic, and the staking 
out of claims in these polar deserts. Some of this 
interest in high latitude possessions attaches to 
their probable future importance as locations for 
air bases; some is the result of scientific interest 
in a study of their meteorological conditions as a 
means to a more satisfactory understanding of 
the weather of intermediate latitudes, but, in 
some degree, the interest arises from the possi- 
bility of discovery of resources, particularly min- 
erals, which may serve as the basis for support of 
populations in those days when development of 
transportation will permit occupation, probably 
in the near future. 

Interdependence and Trade. With their pres- 
ent specialization of effort and numerous wants, 
civilized populations are dependent on many and 
often distant regions for a considerable part of 
their food, clothing, and other requirements. To 
satisfy these wants, it is necessary to exchange 
goods between areas. But such trade necessitates 
contacts, making life much more complex than 
among savage and semisavage peoples, who have 


few if any commercial dealings with their neigh- 
bors, either near or remote. 

This interdependence of populations is recent, 
for less than two centuries ago people satisfied 
most or all of their needs from the home region, 
though at present this is the exception rather 
than the rule. Even on the frontiers of human 
occupancy, the inhabitants may, and often do, 
obtain many manufacteed articles such as cloth- 
ing and utensils from the industriahzed areas of 
highly developed regions. Today, commerce has 
broken down the barriers which existed in the 
past, and, for most parts of the world, complete 
economic self-sufficiency is almost impossible 
in practice, as well as undesirable. 

Interdependence and Transportation. This 
great change has accompanied improved methods 
of communication and b’atisportation. Within 
less than a human litetime, we have come to 
accept the products of distant areas as a matter 
of course. Communication by spoken word be- 
tween our Atlantic and Pacific coasts, impossible 
a century ago except after a time-consuming, 
difficult, and dangerous journey, is at present a 
matter of mmutes only. The trip from Chicago to 
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Fig. 13. The shrinking United States. In 1800, rapid travel was at a rate of not to exceed 10 miles 
an hour, by 1900, it had risen to 35 miles by sea and 60 miles by land, by 1940, to 180 miles oi more by 
air. Today, the maximum promises to be fixed only by man's physical limitations The variable size of the 
United States, measured by accessibility based on the rates of travel for 1940 and earlier, is shown above. 


New York, formerly requiring days, can now be 
made in about 3/2 hours, even by use of regularly 
scheduled flights, it is possible to breakfast in San 
Francisco and dine in New York on the same 
day. Thus improved methods o£ transportation 
have annihilated distances, and each year this 
becomes increasingly true. Any attempt to return 
to past conditions of isolation and self-sufiBciency 
would work enormous and detrimental changes 
in our existing civilization, as well as be virtually 
impossible in practice. 

Commerce and Friction. With contacts and 
accompanying commercial and political relations 
between countries and populations established, 
opportunities for misunderstandings arise, and, 
from the friction which develops, even war may 
result. The present offers many illustrations of 
the fact that this is a possibility. 

To solve the problems arising in connection 
with trade betw^een different areas intelligently, 
it is desirable to know something about other 
parts of the world, and the conditions under 
which their peoples live and work. We need many 


things which other countries can produce more 
effectively, and we, in turn, can often supply 
their mhabitants with what they need but can- 
not secure to advantage locally. Obviously, if we 
know the problems of the areas with which we 
trade, we are in a much better position to recon- 
cile apparently conflicting interests and arrange 
our trade relations more intelligently. Therefore 
a knowledge of other countries and of the prob- 
lems which confront their populations is funda- 
mental for living successfully in the present-day 
world, with its complex industrial and commer- 
cial development, made possible by interde- 
pendence. 

Stage of Development and Areal Differentia- 
tion. The great contrasts between the life of 
essentially self-sufiicient peoples and that led by 
interdependent populations result from differ- 
ences in culture or stage of development. This 
thereby becomes a factor in causing areal differ- 
entiation, manifesting itself in population density, 
distribution, and activities. In the same manner 
in which areas may differ from one another at 
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any given date because of the various stages of 
development of their populations, any given area 
will change with the passage of time, if the 
culture of the population alters. 

Environmental Change and Regional Plan- 
ning. In view of the continually altering values 
of the various environmental factors, both actual 
and relative, with the passage of time, all plam 
ning for effective use of a definite area at a given 
time must apply to that date only. In fact, some 
of the present difficulties of certain areas arise 
from perpetuation of use based on past condi- 
tions, despite change. 

From this, it follows that realistic planning for 
the effective use of any area is a contmuous 


process. Future possibilities as well as present 
conditions should be considered, and plans for 
present utilization should have sufficient flexi- 
bility to permit of modification without substan- 
tial loss, for only in this manner can man take 
advantage of continually changing opportunity 
in an effective manner. Further, any planning 
for use of an area should be based upon as nearly 
a complete inventory or list of regional assets and 
possibilities as it is practicable to assemble. 
Otherwise, neglect of some essential but unknown 
factors may invalidate the recommendations, 
which obviously must be subject to a consider- 
able possibility of error, if based on incomplete 
mformation. 


QUESTIONS AND EXERCISES 


1. How does human choice function to affect popu- 
lation density and distribution'^ What shifts of 
population have occurred as a result of the war^ 
Why? 

2 Name some “backward’' area, in your own state 
if possible Is it densely populated? How do the 
people who live in this area make their living^ 
Are they prosperous? Does the state contribute 
to their aid in any way and, if so, in what man- 
ner? 

3 How does environment affect human activities? 
What IS meant by the statement that the en- 
vironment is a “passive agent”? Does a favorable 
environment always ensure progress? If not, why 
not? 

4. Illustrate how man comes to follow a given oc- 
cupation by some example of the effect of en- 
vironment on human choice If possible, select 
the example from your home state. 

5. Why is it impossible for the environment of any 
area to attain permanent stability? Why was 
man relatively ineffective m producing environ- 
mental change during the first few tliousand 
years of his existence on the earth? 

6. Illustrate the changes in relative importance of 
the environmental factors at different periods m 
the history of your home state. 

7. Name some minerals, m addition to petroleum 
and hard coal, that have become of greatly in- 
creased importance during tlie past 50 years. 
For what are they used? What mineral, mined 
in northern Canada, has attracted much atten- 
tion of late? For what is it used? 

8. Explain why savage man is more limited by his 
immediate environment than is civilized man. 
Why do savage populations have to depend al- 


most entirely on the home area for everything 
they need and use? 

9. Why did the Romans consider northwestern Eu- 
rope an area of relatively low desirability? What 
incentive induced Pizarro to invade the empire 
of tlie Incas? Why was the Alaska Purchase con- 
sidered unwise by many intelligent and well- 
informed persons at tlie time it was made? In 
what respects has the purchase been very fortu- 
nate? 

10 What type of area attracted pioneer settlement 
in the United States after the American Revo- 
lution? Why have many such areas dechned in 
attraction with the passage of time? 

11. In what type of area did agriculture have its be- 
ginnings in the United States^ How has the 
spread of agriculture into the grasslands affected 
the world's food supply? How does specializa- 
tion of agricultural and other production affect 
costsP Why? 

12. How has man been enabled to push into higher 
and higher latitudes effectively^ What is our 
present interest in polar areas? What may be the 
future importance of such regions^ 

13. Why may an area that is not good for savage oc- 
cupancy afford opoprtunity to civilized man? 
How and in what ways would a return to eco- 
nomic self-sufficiency affect your everyday life? 
Has human progress made your home area a 
better place to live and, if so, m what respects? 

14. Why is definite plannmg for use of an area pref- 
erable to the trial-and-error method common in 
the past? In what respects does continuous en- 
vironmental change and change in environmen 
tal values have to be taken into account in plan 
ning for the most effective use of an area? 
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chapter Four 

ECONOMIC ACTIVITIES AND THE POPULATION PATTERN 


Stage of Development and Fopulation Distri- 
bution. The culture of the inhabitants of an area 
affects both the number of people a region sup- 
ports and their distribution within its borders. 
Therefore populations attain maximum density 
only where the stage of development is such that 
certain types of productive human activity serve 
as the basis for man’s support. Elsewhere, they 
vary greatly in concentration, though always 
bearing a definite relationship to the means of 
obtaining a livelihood. That this is true will be 
evident after comparing the two generalized 
maps, Figs. 5 and 14. 

Similarly, though not shown by the maps, dis- 
tribution of population within areas having the 
same economic activities follows a common pat- 
tern, with minor variations only. Such corre- 
spondences between the distribution of man and 
that of his economic activities are so marked 
and persistent that it would be highly improbable 
they were the result of mere coincidence. 

Therefore it is desirable to note these relation- 
ships, with a view to formulating some general- 
izations concerning man s numbers and distribu- 
tion over the earth s surface. With these in mind, 
the intricate pattern of the population map loses 
some of its apparent complexity and seeming 
lack of plan; a better understanding of the past 
and present distribution of the world’s inhabi- 
tants becomes possible; and, perhaps even more 
important, a more adequate and realistic ap- 
praisal of probable future population densities 
can be made. 

Primitive Man and Population Distribution. 
The world’s population must have been small 
during prehistoric times, when onfy primitive 
peoples inhabited the earth. This is because 
Nature, unmodified by human activities, does not 
permit support of large numbers. In those earlier 


times, then, even though man did not purpose- 
fully hmit his natural increase— which he un- 
doubtedly did if only by allowing the physically 
unfit young and the old to die prematurely— 
dense populations were impossible. 

This condition must have persisted for many 
centuries, during which man’s numbers remained 
essentially stationary. Up to within the past one 
hundred years, indeed, diere were many parts of 
the earth’s surface where a similar restriction on 
population increase continued operative. Even 
today, there are certain chmatically handicapped 
regions where the number of inhabitants remains 
practically unchanged with the passing years. 

Progress and Fopulation Distribution. After 
many centuries, however, man’s stage of develop- 
ment in the more favored parts of the world 
became such that he was able to wrest a living 
from a relatively unfriendly earth more effec- 
tively. Then his numbers began to increase. This 
was true not only in those places where he made 
his first apearance, but in others as well, which 
up to that time had limited opportunity so greatly 
that they remained either essentially or totally 
unoccupied. Thus population increased in the 
areas of initial opportunity and man spread into 
surrounding regions. There, he likewise increased 
opportunity by his activities, and thereby also 
the possibility for support of additional numbers. 
It will be noted that both the increase in numbers 
and spread of population were a result of change 
in the stage of human development. 

Civilized Man and Population Distribution. 
Few if any exposed parts of the earth’s solid 
crust are totally without inhabitants at the present 
period of human history. Only the frozen wastes 
of snow and ice of the higher altitudes and lati- 
tudes, where the earth’s land surface is often 
deeply bulled, may possibly qualify for the dubi- 
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Fig 15. A group of migrating Kalahari Bushmen of Southwest Africa, with all their worldly goods. Fre- 
quent shifts of location are necessary where hunting supplies most of the food, as it does for the inhabi- 
tants of this dry area. Therefore shelters, which are occupied for only short periods of time, must be of 
simple construction, and material possessions are hmited. (Courtesy of the South African Railways and 
Harbours. ) 


ous distinction of so lacking opportunity that man 
cannot establish himself there. Even for some 
such areas, however, there are indications that 
this may not long be true. 

These changes in past and prospective popu- 
lations which have been noted are the result of 
increased opportunity based on man's present 
varied possibilities for support, dependent on 
both natural resources and economic activities 
either unknown or considered of no importance 
a comparatively short time ago. In the following 
pages, it is proposed to discuss some of the more 
important of the many economic activities of 
present-day populations, in order to obtain an 
adequate idea of what each offers in the way of 
opportunity, and the effect each has on popula- 
tion numbers and the pattern of population chs- 
tribution. 

1 Migratory Hunting Populations. Migra tory 

I hunting populations live in ^practically ^ all l ati; 

I tildes. The Eskimo™ for example, live where win- 
ters are both long and cold, and the land is so 
inhospitable and lacking in opportunity that they 
must turn to the sea for most of their support. 
Slightly nearer the equator, where the environ- 
ment is somewhat more favorable, the Yuraks 
of the Lower Ob in Siberia, in the Northern 


Hemisphere; and the Onas of the main island 
of Tierra del Fuego, in the Southern Hemisphere, 
also obtain a living by huntmg, but on the land, 
as did our Plains Indians prior to preemption of 
the larger part of their home areas by whites. 

In and on the margins of the tropics, the Aus- 
trahan Blacks and the Bushmen of the Kalahari, 
both dependent on the chase for a livelihood, 
occupy true deserts. Inhabitants of the rain forests 
of equatorial regions, such as the Pygmies of 
central Africa and the primitive Indian tribes of 
the Amazon Basin, are likewise nomadic hunters. 

It will be noted that not all of these areas occu- 
pied by nomadic hunters are shown on the 
map. Fig. 14, because of its small scale. 

Such an activity as hunting can at best sup- “ 
port only a relatively sparse population, and, ^ 
when the characteristics of the areas in which 
migratory hunting populations live today are 
considered, it is not difficult to understand why 
few people live in them. All have repressive 
environments: too cold, too dry, or too wet. Thus, 
in all areas occupied by such populations today, 
there is seldom more than one person to the 
square mile, and, because of the frequent shifts ^ . 
of pasturage, the pattern of population distribu- 
tion lacks permanency. 
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Migratory Fast oral Populations. Impoitant 
aieas where nomadic herding is the dominant 
economic activity are at present confined almost 
entirely to the Old World, particularly to Asia 
and Africa. In Europe, such areas are of limited 
extent; in the New World, true pastoral nomad- 
ism is probably nonexistent, though the Navajo 
Indians of southwestern United States lead a 
seminomadic life. 

Though they occur in the warm, the cool, and 
even the cold parts of the world, most of the 
semiarid, desert, and other generally treeless 
regions, where man depends upon flocks and 
herds and leads a migratory existence, are in 
intermediate latitudes^ or on their margins. The 
poorness of the pasturage in these areas not only 
entails a nomadic type of life, or endless wan- 
dering, but it also prevents support of large 
numbers of people. Among the Kirghiz, a pas- 
toral population of central Asia, such migrations 
may involve hundreds of miles of travel. Those 
of the Mountain and Forest Lapps, or Samelats, 
the name by which they prefer to be known, are, 


on the contiaiy, not so extended, being restricted 
to certain relatively small districts, delimited by 
hereditary rights. 

Where environmental conditions limit man to 
a nomadic existence, the temporary character of 
the occupation of any given area must result in 
a continuously shifting pattern of population 
distribution. 

Populations Supported hij Commercial Graz- 
ing. Commercial grazing, by contrast with no- 
madic herding, preempts not only poor steppe, 
desert, and tunara, or the treeless plains ot the 
Arctic, but much of the better steppe, or dry 
grassland, as well. This economic activity is like- 
wise important in both the Eastern and Western 
hemispheres, and both north and south of the 
equator. In this respect, also, it differs from 
nomadic herding. Again, where nomadic herd- 
ing is practiced, the flocks and herds range over 
extensive areas; in commercial grazing, the range 
is restricted and movement from one pasture to 
another is for relatively short distances. 

Further, the objectives are different in these 



Fig. 16 . Kirghiz of the high plateaus and dry steppes or grasslands of central Asia, their tent or “yurt ” 
and their camels. The Kirghiz are a nomadic pastoral population, dependent for support on sheep and 
goats Tmat they live in a dry area is mdicated by their use of camels as beasts of burden, though they also 
have others: horses md donkeys. Their food, their clothing, and their eqmpment are supphed by animals- 

even then yurt is of felt. (Courtesy of Theodor Benzmger.) rr / 
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Fig 17 A Canadian ranch with better-than-average bmldings, about 25 miles south of Calgary, Alberta, 
on a tributary of the Bow River, which affords water for livestock To the west, the Selkirks are visible m 
the background The lower land near the stream, where water supply is adequate, supports tree growth, 
but the sagebrush in the foreground indicates that this is a rather dry area, annual rainfall being less than 16 
inches Though too dry for effective agricultural use without irrigation, the area is well adapted to graz- 
ing, the most important economic activity of the region. (Courtesy of the Canadian Pacific Railway.) 


two methods of obtaining support by the grazing 
of animals. In nomadic herding, the animals sup- ^ | 
ply essentially all the needs of their owners, but 
there is httle or no surplus available for ex- 
change or sale. In commercial grazing, on the 
cont rary, the objective is production of a surplus, 
which is sold in world markets. 

Though this is not eveiy where true, in re- 
gions of commercial grazing in the United States 
and Canada, the range may be fenced and the 
flocks and herds supported on a relatively small 
tract of land or ranch, feed being supplied when 
the range does not afford satisfactory pasturage. 
Even under such conditions, population densities? 
are necessarily low, because much land is needed 
for the support of each animal. Nevada, for exam-; 
pie, with grazing of this type one of the fewi 
important economic activities of the state, has 
a population density of less than two persons to 
the square mile, the lowest for any state in the 
United States. In^the case of such occupation, 
however, the population, though scattered, is 
fixed in location: concentrated where water is 
available, sparse where it is lacking. This gives a 


definite pattern of occupancy, related to water 
supply. 

Primitive Tropical Agricultural Populations, 
Sometimes agricultural practices are very crude, 
as among the primitive, migratory, negroid tribes 
of the equatorial forests of the Congo basin. 
Their villages, composed of rectangular houses 
with thatched roofs, arranged along a single 
street, are located near streams, which serve as 
highways. Behind the houses are groves of plan- 
tarns, a species of banana, and small gardens 
which provide against emergencies. At variable 
distances from the village, but never far away, 
are the larger clearings which supply most of the 
food. Agricultural practices are very simple. 
Underbrush is removed and the larger trees are 
hacked off several feet above the ground, at the 
point where their trunks decrease in size. Then 
the clearing is burned over and plantains, manioc, 
fruit, and vegetables are planted in the soil en- 
riched by the burning. Such tracts produce satis- 
factorily for about two or three years, by the end 
of which time the small amount of available plant 
nutrients in the soil is exhausted. Then another 




Fig. 18 A Congo basin agricultural village, located in a small clearing near a river, which serves as 
a highway. The thatched houses on either side of the irregular street, which terminates at the river m the 
background, are of simple construction. Therefore, when the village is abandoned, there is little loss. 
This area is warm tliroughout the year, a fact indicated by the house type and the dress of the people in 
the foreground (Courtesy of the Keystone View Company.) 


clearing is made and planted and the old one is 
abandoned. This type of agriculture is practic- 
able only in sparsely populated regions where 
there are large tracts of unused land. Elsewhere 
in the world, though formerly more widespread, 
this type of agricultural use of the land has dis- 
appeared almost completely. Though population 
is sparse and shifting in areas where tins type of 
agriculture is practiced, the importance of rivers 
as the prmcipal highways makes for a more or 
less fixed distribution of habitation, related to the 
major elements of the drainage pattern, which 
offer transportation possibilities. 

Oriental Agricultural Populations. In parts 


of the world where the land has been in produc- 
tive use for many centuries, as in China and 
southern Japan, populations are often extraordi- 
narly dense and practices are very different from 
those of primitive tropical agriculture. In such 
regions, the peasants, using no machinery, and 
few and simple tools, grow at least one crop each 
year on all fields, an entire family deriving its 
support from two or three acres of land, an area 
less than an average city block. 

This is made possible by very intensive use of 
the land under cultivation; or by the expenditure 
of much labor in planting, caring for, and har- 
vesting the crops grown; and by heavy fertiliza- 
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Fig. 19. In this agricultural area of southern Japan, all of the flat land is under cultiA'ation, producing 
both a summer and a winter crop, year after year, on the heavily fertilized fields Farms are small, less than 
the size of a small city block, and fragmented. The farmhouses are located at the foot of the slopes in the 
background, which are too steep for agricultural use. Almost all of the work is done by hand. Even the 
two-wheeled farm carts are drawn and pushed by the peasants on narrow roads satisfactory for use by 
such vehicles, but not adapted to the needs of modern transportation In the illustration, the peasants are 
wearing typical Japanese shoes, which are held in place by a thong between the toes. In such an area, 
hours of work are long and standards of living are low. (Courtesy of Theodor Benzinger.) 


tion with human wastes, in the absence of animal 
manure and the lack of means to purchase com- 
mercial fertilizers in suflScient quantity. It is like- 
Mdse the common practice to grow two or more 
crops each year on the same field, wherever this 
is possible. Further, whenever and wherever pos- 
sible, the crop grown is rice, of all the cereal or 
grain crops the one which produces the greatest 
returns in food value per acre of land under culti- 
vation, if grown under favorable conditions. By 
thus forcing the land to yield maximum returns 
by both agricultural practices and selection of 


crops, the support of large numbers becomes 
possible. 

Not only are populations dense in such areas— 
sometimes as many as 6880 persons to the square 
mile in the rice-growing districts of Chekiang 
and Kiangsu in China, according to Mallory— but 
they are also sedentary, with a pattern varying 
with the character of the agricultural area, the 
number and kinds of crops grown, the means of 
transportation, and other factors. 

Fopulations Supported by Occidental Types of 
Agricidture. Agricultural populations of Occi- 
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Fig. 20 Contrasts in densities and patterns of Oriental and Occidental agiicultural occupancy All 
four maps are of equal areas, and drawn to the same scale to make these contiasts evident. 

(A) An upland agricultural area on the Kwanto Plain, about 10 miles to the west of Tokyo, Japan 
Population densities are everywhere high, well over 500 persons to the square mile, but the distribution 
pattern varies. In some cases, the peasants live in grouped dwellings or in compact agricultural villages; 
in others, their houses are arranged in linear fashion along highways 

(B) An agricultural area m northwestern Kalamazoo County, southern Michigan Density ol the luial- 
farm population, or that part of the population living on farms, is much lower than in Japan, being slightly 
less than 23 persons to the square mile for the entire county. Farmers do not live in villages, but on their 
farms, houses being separated, with the pattern of distribution related to the rectangulai road mesh 

(C) An agricultural area in Cass County, eastern North Dakota, about 10 miles fiom Fargo. In this 
county in the Red River Valley, farms are large, averaging nearly 400 acies in size, as contrasted with 
less than 100 in Kalamazoo County, and density of the rural-farm population drops to a trifle less than 
8 persons to the square mile. The pattern of distribution, as in southern Michigan, is related to that of the 
roads. 

(D) An agricultural area, with a largely white population, in the southeastern United States: a part of 
north-central Cobb County, central Georgia, about 30 miles northwest of Atlanta. Here, the roads do not 
form a rectangular mesh, but are adjusted to topography rather than to a system of land survey Houses 
are quite closely spaced along these irregular roads, for this is a region of relatively small farms, 30 per 
cent of which are less than 30 acres in size, the average of all is slightly less than 60 acres Such small 
farms, with farm families of some size, produce a density of rural-farm population of nearly 48 persons to 
the square mile in this area. This is nearly five times the average for the United States. 


j dental areas vary greatly in density, but seldom 
( attain Oriental averages and never their maxima. 
In parts of the United States, and in other coun- 
tries with similar climatic conditions, wheat, 
barley, and other food crops are sometimes grown 
on large landholdings, with much use of machin- 
ery in production. Normally, however, m those 
parts of intermediate latitudes inhabited by white 
populations, crops are raised on relatively small 
farms, though there may still be an extensive use 
of laborsaving machinery, with production con- 
ditions very different from those of Oriental agri- 
culture, even where the conditions of the physical 
or natural environment are essentially similar. 
Ordinarily, therefore, populations are of mod4 
erate density and the pattern of population isi 
stable. ^ 

The present needs for certain products of 


tropical agriculture, such as rubber and sugar, 
are so great that native production alone is in- 
sufficient to meet the demand. Because of this, 
whites have invaded some parts of the tropics 
and introduced their agricultural practices, in 
somewhat modified form, into these warm areas. 
Where this has occurred, the subsistence type of 
agriculture practiced by native populations has 
been displaced by large-scale or commercial pro- 
duction of such crops as rubber, sugar, bananas, 
and others, on large landholdings, with much 
hand labor used in growing and harvesting the 
crops, and much machinery employed in their 
final handling, preparation for, and transportation 
to market. Wherever plantation agriculture has 
found a foothold in the tropics, it has made for 
both a fixed and ^nser population than was 
possible with primitive exploitation of soil fer- 

v. - - , 
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Fig. 21 An agricultural scene in Stephenson County, northern Illinois. Though farms are here of mod- 
erate size, averaging about 127 acres, there is much use of labor-saving machinery m cultivation, harvest- 
ing, and for other purposes Dairying, livestock, and cash-gram farming are most important in this region, in 
the order named, with approximately 40 per cent of all faims emphasizing milk production. Even in this 
aiea of slight relief or surface irregularity, it will be noted that the gentle slope of the foreground is planted 
in alternate strips on which corn, oats, sweet clover, and soy beans are grown The flat land in front of the 
small village of Dakota, in the middle background, is in coin. Rural-farm population of Stephenson County 
is of moderate density 21 persons to the square mile. This is more than twice that for the entire United 
States, but this is a better than average agricultural area, occupied for many years, and with good transpor- 
tation facilities, including excellent roads (Courtesy of the U S Soil Conservation Service ) 


tility under much native use, though less dense 
than that under the Oriental system of intensive 
cultivation. 

Populations Supported by Fishing. Wherever 
the land is inhospitable because of a harsh cli- 
mate, steep slopes, thin and stony soils, or a 
combination of these conditions, it may not be 
profitable, or it may even be impossible to till 
the soil or engage in grazing, so the populations 
of such areas may turn to the sea for support. 
In bleak and inhospitable regions like New- 
foundland and Labrador, for example, where the 
land offers few opportunities which afford a satis- 
factory basis for a livelihood, flashing is the most 
important occupation, supportmg virtually the 
entire population, either directly or indirectly. 

In other parts of the world, where climatic 
conditions admit of agriculture but where level 
land is limited in amount, as along the west coast 
of the northern portion of Honshu, the main 


island of Japan, fishing may afford either a full 
or a part-time occupation to supplement income 
derived from agriculture or some other source. 
In still other parts of the Orient, such as south- 
eastern China, where population is extraordi- 
narily dense, sometimes several thousand persons 
to the square mile, the land may not be able to 
afford support for all the people, so that many of 
them spend their entire lives afloat, living in boats 
which are their permanent homes. These people 
obtain their living from rivers, canals, and the 
sea, often practicing what is sometimes known as 
‘'aquaculture'’: the artificial propagation of fish, 
eels, and other aquatic “crops,” as well as fishmg 
for a livelihood. 

y In areas where fishing is the major basis for 
population support, numbers are generally few. 
Only in warm regions such as southeastern China, 
and there only with intensive use of the resources [ 
of both land and water, may locally dense popii- ! 
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Fig. 22. A fishing village on the coast of Labrador, near Battle Harbor. The heavily glaciated upland 
is virtually destitute of soil, in this particular location, the bare rock forms the actual surface. Further, the 
climate of coastal Labrador is harsh The sea, however, affords opportunity, for it abounds in fish and the 
fiorded or deeply indented coastline offers many harbors Therefore the population of this area turns to 
fishing for support, though the returns are uncertain and the life is one of hardship and danger. The build- 
ing back from the water’s edge are dwellmgs, those along the waterfront are fish houses. The fishing boats 
are moored both alongshore and anchored out in the harbor. (Courtesy of the Keystone View Company.) 

lations with very low standards of living be basis for man s support for considerable, or even 
found. Everywhere, the pattern of population long periods of time. 

distribution is fixed, for it is tied to the sea or Thus the Fang of the Congo basin obtain 
some body of water by the economic activity their living in part from the forest and in part 

which ensures support. from their gardens in the clearings. When work 

Populations Supported by Forest Industries, is unnecessary in their small cultivated fields. 
Collecting wild forest products, lumbering, and they go ' ebonying,” cutting down and splitting 
other forest industries are normally of temporary up the trees, and transporting the pieces to their 
importance only, if conditions are favorable for villages. There the ebony will later be exchanged 
profitable agriculture. However, where slopes! for needed manufactured goods, 
are steep, soils are poor or thin, or climatic con- In the Puget Sound region of the United States, 
ditions are generally unfavorable for cultivated ^ where few of the more profitable crops can be 
crops but satisfactory for tree growth, one or grown to advantage because of the cool, damp, 

more of the forest industries may serve as the ^ foggy weather, the valuable forest of Douglas 
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fir, spruce, and other species supports a forest 
industry of both great relative and actual im- 
portance. Other parts of the world which oiffer 
only limited agricultural opportunity, such as 
parts of southeastern United States and northern 
Eurasia, both European and Asiatic, depend in 
similar fashion on their forests as important 
sources of income. 

If exploitation of the growth of years is the 
practice, as is common in most American lum- 
bering operations, returns may be high, but 
temporary; population density will be low; and 
the inhabitants will shift from camp to camp 
with change of location of the lumbering opera- 
tions. Even where the forest industries are the 
principal or an important basis for support over 
an extended period of time, the number of inhabi- 
tants is never great, for the returns per unit of 
land in forest crops are always low. If occupancy 
is based on use of the forest as a long-time asset. 


however, settlement may be relatively fixed in 
location. 

Populations Supported by Mineral Industries. 
Wherever deposits of iron, copper, gold, silver, 
coal, or other minerals, either metallic or non- 
metalhc, occur in quantities and under such con- 
ditions that they can be extracted economically, 
mining may be an important and sometimes al- 
most the only industiy. This is frequently true in 
highland areas such as portions of the mountain- 
ous western states of the United States. In some 
of these, rainfall is so light that important forests 
are lacking, pasturage is so poor that grazing will 
support few inhabitants; and the amount of water 
available restricts agriculture to limited areas. 
Again, these highlands have cool to cold nights 
and many crops do not thrive under such condi- 
tions. Markets are also far away and the high cost 
of transportation makes it impossible to grow 
and dispose of certain crops at a profit. Thus min- 
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ing often assumes gieat relative, and sometimes 
equally great actual importance in such aieas. 

Mineral wealth and mining aie not, of course, 
confined to highland regions, for valuable de- 
posits, particularly of the nonmetals, frequently 
occur m lowlands. In such areas, however, though 
mining may actually be more important than in 
many highlands, it is normally a secondary eco- 
nomic activity because of the greater local im- 
portance of other occupations such as agriculture, 
industry, and ti’ade. 

Populations supported by mining are concen- 
trated where the mineral wealth occurs. This 
determines the pattern of occupancy, which is 
likewise normally related to drainage lines in 
highlands, inasmuch as feasible locations for 
settlements, roads, and rail lines are afforded by 
valleys. In an area where mining is the sole basis 
for support, density of population will never be 
maximum, except locally, but it may vary from 
sparse to more than average, dependent on the 
kind, size, accessibility, and other characteristics 
of the mineral occurrence. The life of commun- 
ities without basis for support other than mining 
is limited by the size and richness of the mineral 
deposit, and the rapidity with which it is ex- 
ploited. Many are very short lived; relatively few 
maintain their existence for long periods of time. 

Industrial and Commercial Populations. There 
is little specialization of effort among primitive 
populations, nor was there among the early 
pioneers of this country. In such societies, each 
man engages in a variety of pursuits: obtaining 
his own food supply, building his own house; 
fashioning his own implements; and making his 
own clothing, largely by his own unaided efforts. 
Only as population increases in density does any 
considerable specialization of effort occur. This 
is accompanied by progress which causes multi- 


plication of wants, so that exchange of local 
pioducts for mateiials or ai tides, which cannot 
be or aie not produced in the home area, becomes 
important. To carry on the extensive trade or 
commerce of advanced populations occupies the 
time of many individuals, who deiive then sup- 
port, either wholly or in part, from such activity. 
With initiation of trade, materials horn other 
areas, as well as those of local oiigin, become 
available for fabrication, and if, souices of power 
are present and labor and other conditions, in- 
cluding marketing facilities, are favorable, manu- 
facturing may become the most important occu- 
pation of the population. This is the case in 
southern New England, where a large percen- 
tage of the people support themselves by working 
in factories. For example, the total population of 
the small state of Rhode Island, which has a 
land area of only 1058 square miles, was approxi- 
mately 783,000, or nearly 734 persons to the 
square mile, in 1947. It is obvious that agriculture 
could not support such a large number, with 
normal American standards of living and farm 
practices, investigation discloses that the lurah 
farm population was only 1.5 per cent of the total. 
The remaining 98.5 per cent of the inhabitants 
lived in small communities, or in incorporated 
places with populations of 2500 or more, and 
supported themselves largely by work in fac- 
tories. This same condition, or one very similar, 
obtains in most of southern New England, m 
much of northeastern United States; m the 
densely populated regions of western Europe, 
and even in the Orient, in certain portions of 
southern Japan. That great density of popula- 
tion characterizes industrial areas everywhere 
may be noted by reference to Figs. 5 and 14. 
Such areas are likewise ones of relatively fixed 
population and marked urbanization. 


QUESTIONS AND EXERCISES 


1. In what respects do the stage of man’s develop- 
ment and his economic activities affect popula- 
tion? Why IS an understanding of these effects 
of valued What types of economic activity are 
today the basis for support of dense populations? 

2. Why must the total population of the earth have 
been small during prehistoric times? How has 
human progress made the support of larger num- 
bers possible? What will the future probably de- 
velop along that line? 


3 What types of area are still unoccupied at man’s 
present stage of development? What may make 
the occupation of such areas a possibility m the 
future? 

4. Name some migratory hunting and fishing pop- 
ulations of high, low, and intermediate latitudes. 
What are the characteristics of the areas m 
which they live? How do they make a living^ 
Are populations sparse or dense? Why^ How dis- 
tributed? Why? 
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5 In wliat parts of tlie world is pastoral nomadism 
most important today? Wliy? How does pas- 
toral nomadism affect population density and 
the pattern of population distribution? 

6 In what respects does commercial grazing differ 
from nomadic herding^ In what areas is com- 
mercial grazing most important? What are some 
of the characteristics of these areas? In what re- 
spects do population densities and distributions 
differ with these two uses of grassland areas? 

7. Name the principal occupations which serve as 
the basis for man's support. Of these, which sup- 
ports the largest fraction of the world's present 
population^ Is this fraction larger or smaller than 
it was 1000 years ago? Why? Name the eco- 
nomic activities of your home area in the order 
of their relative importance. 

8. Compare and contrast the practices and other 
characteristics of primitive tropical, plantation. 
Oriental, and Occidental agriculture. How do 
population densities and patterns vary with these 
different types of agriculture? With which one 
of these types is support of the densest popula- 
tion possible? Why? 

9. Under what conditions do populations turn to 
the sea for support? What are the population 
densities and distributions in those areas where 


fishing IS the major economic activity? 

10. What types of forest use ser\ e as the basis for 
man's support? What population density is each 
able to support^ Under what conditions is such 
support temporary^ Relatively permanent'^ What 
patterns of population distribution prevail in 
areas where the forest industries are the domi- 
nant economic actnities^ 

11. What factors affect population densities in areas 
where the mineral industries assume great rela- 
ti\e importance? In such areas, what factors af- 
fect the pattern of population distribution? 

12. What economic actmties support the densest 
populations in Occidental areas? What peculi- 
arities of population concentration exist m such 
areas? 

13. Why do die occupations of any area tend to 
change with the passage of time? Illustrate by 
changes in your home area. Have these changes 
affected population density and distribution? In 
what respects, if any? 

1 1. In what parts of the world are changes in eco- 
nomic activities occurring at present which will 
affect population densities or distributions^ 
What will be the effect of such changes on the 
populations of other countries, as well as that 
of our own? 
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chapter Five 

POPULATION CHANGES AND POPULATION PROBLEMS 


Increase of the World's Fopulation. One of the 
significant facts associated with man’s occupa- 
tion of the earth is his great increase in numbers. 
This has been particularly marked since the be- 
ginning of the preceding century, for, since 
then, they have doubled. Moreover, this increase 
has not been confined to white populations. In 
fact, within recent years, it has been more strik- 
ing among colored peoples, India added more 
than 50,000,000 during the past decade; increase 
in the number of Chinese during the same period, 
though not known exactly, was probably even 
greater. In Japan, the number of inhabitants 
mounts steadily at a rate of somewhat less than 
a million yearly, or nearly 3000 each day. Such 
increases constitute a threat to the balance be- 
tween population and resources; to maintenance 
of satisfactory standards of living in the areas 
where they occur. 

Stage of Development and Fopulation Change. 
Stage of development aflPects both total numbers 
and population composition. Among primitive 
societies, dependent on collection and the chase 
for support, birth and death rates are practically 
equal, and population remains essentially sta- 
tionary over extended periods of time, with num- 
bers in the older age groups relatively small. 

By contrast, initial agricultural use of the land, 
or an immature agricultural economy based on 
either Oriental or Occidental practices, tends to 
ensure an increasing population. Such imma- 
turity sometimes results from use of only part 
of the potentially arable or productive land, and 
the existence of an agricultural frontier. Again, 
it is due to undermechanization and the need for 
large numbers to grow and harvest the crops. 
Which of the two it may be is immaterial, insofar 
as the eflEect on population growth is concerned; 
either presents opportunity for the support of 
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additional numbers. Therefore large families will 
be the rule and population growth will occur, 
even to the extent that it persists during the 
initial stages of shift to a predominantly indus- 
trial basis for support. 

During the earlier stages of industrial develop- 
ment, then, population continues to increase, as it 
is doing today in Japan. With greater develop- 
ment of this type, however, urban development 
and rising standards of living are accompanied 
by smaller families. Eventually, this leads to a 
stationary population, or even decreasing num- 
bers. 

Population Changes in Europe. All these rates 
of population growth are represented in Europe. 
The first occurs among the hunting, fishing, and 
pastoral peoples of the Arctic tundra, the treeless 
plains bordering the polar seas. The second still 
persists in the southern and southeastern parts of 
the continent, and in the U.S.S.R. The third stage 
has been reached in the highly industrialized re- 
gions of central and western Europe. 

Before the present extensive development of 
industry in Europe, the population of the conti- 
nent increased so rapidly that not only did the 
total number of inhabitants more than double, 
but a surplus was available to people other areas. 
At the present time, however, this surplus has 
been replaced by a deficit in those parts of 
central and western Europe where agriculture 
has been supplanted by industry as the support 
for most of the people. 

Hence, for Europe as a whole, the rate of 
population increase was considerably smaller 
during the decade ending in 1940 than during 
that terminating in 1930. In both decades, it was 
least in the central and northwestern regions, 
somewhat greater in the south, still greater in the 
east, and probably greatest in the U.S.S.R. 
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Though the effects of the war are difficult to 
evaluate fully, they will probably hasten the 
process of population loss in much of Europe. 

The population changes for several of the 
countries of Europe are shown in Fig. 24, in 
which both past conditions and probable future 
trends are indicated. In France, Germany, Eng- 
land and Wales, and Italy, populations are due to 
decrease. It is estimated, for example, that by 
1976 the total population of ^the British Isles will 
be reduced to 32,000,000, only about 70 per cent 
of that of the present. The only nation of the 
Western world, indeed, which still has a large, 
fast-growing population is the U.S.S.R. There, 
the transition from agriculture to industry is still 
in its initial stages and the past history of the 
nations of western Europe is being repeated. 
During the 12 years ending in 1939, population 
increased 16 per cent in the Soviet Union, and, 
during that same period, the number of farmers 
decreased by 6,000,000, as a result of the trek 
to the cities which accompanied industrial de- 
velopment. Today, nearly 50 per cent of all the 
inhabitants work in factories. 

Probably even more important than the change 
in numbers is the one which is occurring in the 
relative size of the constituent age groups in 
European countries. Even today, only the 
U.S.S.R. has a young population; elsewhere the 
older age groups constitute an ever-mcreasing 
percentage of the total population, and the war 
will probably hasten this change, except in the 
Soviet Union, wffiere the birth rate has risen 
greatly of late. 

Probable Future European Populations, If the 
population trends in European coxmtries are 
studied, it becomes apparent that only Soviet 
Russia promises to enjoy a great growth in the 
number of its people during the next quarter 
of a century. By 1970, that country will have at 
least 220,000,000 and probably 250,000,000 in- 
habitants, for approximately 80 per cent of all 
population growth to be expected in Europe be- 
tween now and that date will be in the Soviet 
Union. Elsewhere, in fact, numbers wiU reach 
their peak not later than 1960; by 1970, a de- 
cline will have set in. France, for example, will 
then have 4,000,000 fewer inhabitants than in 
1940; Great Britain will likewise have suffered a 
loss of population; Germany will not be gaining 
in numbers. 

These differences in growth rates are related 
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Fig. 24. This graph shows the population changes 
which occurred in several countries between 1870 
and 1940, and projected changes from 1940 to 1970, 
disregarding the effects of the war and the possibility 
of internal migrations. It will be noted that, for most 
white populations, the period of rapid growth is al- 
most over. ( Based on studies by the Office of Popula- 
tion Research, Princeton University.) 

to the age structures of the populations of the 
various countries. Only in Russia are there more 
children under five years of age than individuals 
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in any other age group. By 1970, it is probable 
that there will be almost as many people over 
sixty-five as under fifteen years of age m the 
countries of central and northwestern Europe. 
These facts indicate that Russia will, by 1970, 
emerge as by far the most populous country 
of the Western world, with both ample room and 
adequate natural resources to permit of expan- 
sion and great development. The potentialities 
of this are apparent, and of interest to us, as well 
as to the countries of Europe, for the Soviets 
through their Asiatic landholdings are one of our 
near neighbors. 

Spread of European Populations, For many 
centuries, the lands known to populations of the 
Western world were limited to those which 
bordered the Mediterranean Sea. From this cen- 
ter, around which early Occidental civilizations 
developed, the known world expanded gradually 
in all directions, as returning travelers and 
merchants described the distant regions they had 
visited. It was not until near the close of the 
fifteenth century, however, that discovery of the 
Americas by Columbus led to knowledge of the 
New World, and it was still later before additional 
exploration revealed the true extent and outlines 
of the world’s land masses in their entirety. 

With increasing knowledge of the opportu- 
nities presented by new and distant areas, Euro- 
pean peoples spread into these faraway lands, 
producing important changes in the areas in- 
vaded. The most notable of these shifts of white 
populations to the cooler parts of the earth’s land 
surface occurred during the past, and early in the 
present century, as an accompaniment of a better 
knowledge of favorable natural conditions in the 
United States, Canada, Australia, and New Zea- 
land, and of improved means of transportation 
and communication. Since the population of 
Europe doubled during this same period, this, 
also, was undoubtedly a contributing factor. This 
movement was most marked, and the number of 
arrivals in the United States was greatest, be- 
tween 1880 and 1930. Between 1900 and 1920, 
when most rapid, immigrants numbered 9,- 
000,000; in all, they totaled approximately 
30,000,000. Similar though smaller migrations to 
Canada, Australia, and New Zealand occurred 
during essentially the same period. 

Of late years, whites have also invaded the 
tropics, principally as overseers of native or im- 
ported labor on plantations, or as managers of 


other business enterprises. A few have also moved 
as permanent settlers to work the land, as in 
Queensland, in tropical Australia. Though the 
numbers involved in these movements to the 
lower latitudes have not been great, the effects 
produced have been important. With the estab- 
lishment of plantations, opportunities for gainful 
employment have increased, and in many in- 
stances such ventures have also widened markets 
for native production and enabled support of 
denser native populations. Then, too, white con- 
trol has tended to eliminate earlier practices 
which kept population in check. Therefore, in 
Java for example, the native population has in- 
creased from an estimated 3,000,000 or 4,000,000 
in 1850 to nearly 50,000,000 at the present time. 
Further, in those areas where the local supply 
of native labor was inadequate, there has been an 
importation of large numbers of colored workers 
from more densely inhabited near-by warm re- 
gions. This has produced not only a change in 
man’s distribution, but an admixture of peoples 
as well, and has created new population problems. 

Whether the earlier great migration of white 
population to the cooler parts of the earth’s 
surface will be matched by a comparable inva- 
sion of the tropics at a later date is still uncertain, 
though it is generally conceded to be improbable. 
In part, this is because whites may not be able 
to adjust themselves to the conditions of humid 
areas with prevailingly high temperatures; in 
part, it is because the best parts of such areas 
already have large native populations, with 
standards of living so low that whites cannot meet 
the competition successfully. Even for tropical 
Australia, in Queensland, where such competi- 
tion is not encountered, there is some difference 
of opinion as to the degree of success achieved 
by white colonization. 

Population Changes in Asiatic Areas. Approxi- 
mately 75 per cent of the world’s inhabitants live 
in Eurasia; more than 50 per cent in Asiatic 
areas alone, excluding the U.S.S.R. Therefore 
even small perecentage increases of population 
in Oriental agrarian areas, where numbers in- 
crease up to the limits of subsistence, produce 
large numerical accretions. There, any slight de- 
crease in the high death rates, improved agricul- 
tural practices, or industrialization, is accom- 
panied by the addition of large numbers. Because 
of the present immature agricultural economy of 
most Asiatic areas, such increases promise to 
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persist for several decades. Only in Japan, which 
is in the earlier stages of industrial development, 
will population probably tend to become station- 
ary within the next three or four decades. 

Thus, in agricultural India people continue to 
multiply at a disturbing rate. For the half century 
ending in 1941, the increase was 109,000,000, 
or more than 20 per cent. This resulted from a 
high birth rate, more than twice that of the 
United States; it was not greater only because of 
the low life expectancy at birth: slightly less than 
27 years. With present birth rates, and death 
rates at the level of those in the United States, 
it is estimated that the population of India would 
become four times the world’s present total in less 
than a century. The present restricted, though 
enormous increases, are made possible only by 
construction of additional irrigation dams, swamp 
drainage, and some improvement of agricultural 
practices. Yet, despite these, famines still take 
their toll in this densely inhabited region. 

The enormous population of India has led to 
great overcrowding in some parts of the country. 
Locally, in Bengal, where the average density is 
646, there are limited agricultural areas where 
there are 3278 inhabitants to the square mile. 
This IS about one person to an average city lot. 
However, densities fall far below this figure in 
many parts of India. The Native States, for exam- 
ple, have only 114, as contrasted with 248 in- 
habitants per square mile for British India, and 
some of the provinces have even fewer than either 
of these numbers. Though some migration to the 
underpopulated areas has developed, it has not 
been extensive, and cityward movement has hke- 
wise been small. Therefore the population prob- 
lem of India is still unsolved and promises to be 
serious for some time to come. 

The total population of China is not known 
definitely, for no accurate enumeration of the 
inhabitants has ever been made. Like that of 
India, however, it is Very large, probably in 
excess of 450,000,000, agrarian in type, and 
increasing rapidly. In some areas, densities reach 
almost unbelievable figures; in others, in the 
northwest and south, they are much more moder- 
ate. Northwestern China, for example, with an 
estimated 41.2 per cent of the land area, sup- 
ports only about 5 per cent of the total population 
of the country. As in India, the population prob- 
lem will probably persist for several decades be- 
cause of the present stage of development, and 
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the probable slowness of change in the basis for 
support. 

The four main islands of Japan are probably 
more densely occupied than any other whole 
country of Asia, though small areas of India, 
China, and Java are as badly congested. Today, 
the average population density in Japan is esti- 
mated to be nearly 3000 persons per square mile 
of arable land. Fuither, population increases 
steadily. It more than doubled during the century 
ending m 1940, and it still increases at an aver- 
age rate of 920,000 each year. However, in 
Japan as in the West, a declining birth rate has 
accompanied increasing industrialization, urban- 
ization, and rising standards of living. Between 
1915 and 1935, the growth of the cities equaled 
the entire national increase in numbers. Today, 
at least 50, and possibly as much as 60 per cent 
of the total population is urban, largely as a 
result of the cityward movement from rural 
areas. Therefore a gradual slowing up of popu- 
lation increase may be expected, to last until at 
least 1970. By that date, or shortly thereafter, 
population will probably become essentially sta- 
tionary. This is disregarding any effects the 
war may produce, as these are unpredictable at 
present. 

Probable Future Oriental Populations. Present 
populations are both large and growing rapidly 
in certain countries of the Orient. These are India, 
China, and Japan Of the three, the first two 
have relatively young populations, and, though 
that of Japan is aging somewhat, it will be some 
time before it will become stationary, and still 
longer before an actual decrease in numbers may 
be expected. 

In China, where industrialization is still in its 
beginnings, potentialities for development are 
much greater than they ever were in Japan. 
This is true both because of the number of in- 
habitants and natural resources, including one of 
the world’s greatest reserves of coal, a source of 
power. Therefore it is almost mevitable that the 
Chinese will realize on these assets in the rela- 
tively near future. When this occurs, it will affect 
the rate of population increase. 

India, also, whose present population of at 
least 400,000,000 is increasing at a rate of sev- 
eral millions each year, already has an important 
iron and steel industiy, based on local raw ma- 
terials, as well as other industries with promising 
futures. What effect recently attained independ- 
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eiice will have on the growth of industrialization supremacy, though not necessarily that of the in- 
and population numbers is uncertain, but there fluence, of white populations in eastern and south- 
are many portents of great change to be expected eastern Asia. Moreover, it will increase the im- 
in this old-settled area with its enormous popu- portance of our frontage on the Pacific Ocean, 
lation. thus adding another to our long list of favoring 

Within a few decades, industrialization raised natural conditions. 

Japan from a condition of inability to resist dicta- Population Changes in the United States. Dur- 
tion by the great powers of the Western world to ing the 150 year period ending in 1940, the 
a place of importance among the nations. Simi- population of the United States increased slightly 
larly, both China and India, with their rapidly more than thirty-threefold, and the density per 
growing, relatively young, and enormous popula- square mile nearly tenfold. In part this increase 
tions, may logically be expected to play a much in numbers resulted from an excess of births over 
more important part in world affairs than they deaths in an area which was predominantly agri- 
have in the recent past. Already it is apparent cultural during the earlier decades; in part, from 
that white domination and colonial empire, as we an almost unprecedented emigration from Euro- 
have known them in the Orient earlier in the pean areas of surplus population until quite re- 
present century, are destined to disappear. When cently. During the seven decades between 1790 
this occurs, it will mark the end of the undisputed and 1860, the percentage increase per decade 



graph shows that tlie rapid growth of total population in the United States between 1790 
and 1J40 was accompanied by a marked decrease in the percentage of the rural, and a striking increase in 
that of the urban component of the population. (After the U. S. Census.) 
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never dropped below 32; in four of the seven, 
it amounted to 35 per cent. Even since 1860, 
though percentage increases have been smaller, 
numerical increases have ranged between 7,- 
000,000 and 17,000,000 for each decade; for 
five out of the eight, they have exceeded 12,- 
000,000. During the decade ending in 1940, 
however, the percentage increase dropped to 7.2, 
the smallest in our history; the numerical, to 
8,894,229, the smallest since 1850. Temporarily, 
this trend has been reversed, it being estimated 
that the increase for the decade ending in 1950 
will exceed 13,000,000. 

These changes in numbers and rates of in- 
crease which have been noted have been accom- 
panied by changes in composition of the popu- 
lation. During the earher periods of American 
history, both the numbers and the percentages 
of the total population Hving in urban centers 
were small. Even as late as 1880, only 28.6 per 
cent of the population was urban, and it was not 
until 1920 that the number of people livmg m 
urban centers exceeded that of those living out- 
side of the cities. By 1940, however, the rural 
was less than 50 per cent of the total, and only 
77 per cent of the urban population. 

In addition to this shift from rural areas to 
urban centers, there has been a decrease in farm 
population for several decades. The U. S. De- 
partment of Agriculture estimates that by Janu- 
ary, 1944, farm population was only 25,521,000, 
about 19 per cent of the nation s total, and aging 
rapidly. The same bureau also estimates that, 
during the five-year period ending January, 1944, 
the farms lost 4,748,000 persons, 15.7 per cent 
of their total population. Some of this loss in num- 
bers may be temporary, it is true, but much of it 
will be permanent, for even with fewer farmers 
production has increased. Therefore, taking all 
the facts into consideration, it is improbable that 
the farms of this country will ever again support 
the populations of the past, even though the 
numbers living in rural areas may increase as a 
result of decentralization made possible by im- 
proved means of transportation. 

The history of population change in the United 
States illustrates the varying conditions which 
characterize different stages of development. 
With an agrarian economy and an agricultural 
frontier of great promise, population grew 
rapidly, by both natural increase and immigra- 
tion. With disappearance of the agricultural 
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frontier and initiation of industrial development, 
numerical, though not percentage increases of 
population, became even greater. But, with fur- 
ther industrial development, increased urbaniza- 
tion, and much higher standards of living, both 
numerical and percentage mcreases of popula- 
tion lessened to the extent that it was estimated 
numbers would become stationary or even de- 
crease by 1970, or shortly thereafter. As has been 
noted earher, this trend has been interrupted 
during the past few years, though this is probably 
only temporary. 

It should be noted, however, that the change 
in rate of population increase from decade to 
decade has not been uniform throughout the 
United States. This will be evident after study 
of Fig. 26. In dominantly rural areas, growth 
still continues; in others with a high degree of 
industrial development, this may not be true. 
Even where growth occurs in such areas, it may 
be a result of migration from regions of surplus 
population rather than increase resulting from an 
excess of births over deaths. 

Since the war has produced some decentraliza- 
tion of industry and a spread of the effects of 
industrial development, the conditions shown by 
Fig. 26 may be modified considerably during the 
decade endmg in 1950. Therefore certain areas 
which were not affected materially by the factory 
type of development prior to 1940 may, by 1950, 
show important change in total population, rate 
of population increase, and composition of popu- 
lation by age groups. This is already evident in 
Cahfornia, for example, where an estimated 39.5 
per cent increase over the 1940 population had 
occurred by January, 1947. 

Studies of Indiana population growth by S. S. 
Visher illustrate what has occurred over much 
of northeastern United States. Of the 92 counties 
of Indiana, only 16, most of which have rela- 
tively large cities, have increased steadily in 
population, decade by decade; the others have 
suffered losses. The counties which have lost 
heavily are of two classes: (1) those where agri- 
cultural or other use of natural resources has 
lessened opportunity to the extent that families 
are fewer in number; and (2) good agricultural 
areas with aging populations, small families, and 
mechanized production. As in much of northeast- 
ern United States, agriculture is no longer the 
most important economic activity of the inhabi- 
tants of Indiana, in 1940, only 23.7 per cent of 



48 


MAN: HIS DISTRIBUTION AND NUMBERS 



Fig. 26 This graph shows that the rate of population growth has not been uniform throughout the United 
States, but has varied from region to region In some areas, it began early and has nearly ceased, m others, it 
began late and still continues. It should be of interest to consider the reasons for these differences. (After the 
U. S. Census.) 

the population lived on farms. Stimulation of irruptions of warlike pastoral nomads from the 

industrial production by the war will, there as steppes or grasslands of central Asia, especially 

elsewhere, have a definite, though not definitely during dry years when pastures failed, to the east 

predictable eflFect on postwar population growth into the plains of China; to the west, into Euro- 
in the state. lowlands. 

Population Surpluses. Since even slight in- In planning for the postwar future of the more 
creases of population may upset the balance be- than 2,000,000,000 people of the world, present 
tween local resources and subsistence, they were inequalities of population distribution have led 

often the^ occasion for raids on more fortunate to consideration of the desirability of some re- 
areas, or even for mass migrations during past settlement But where! There are no great, rela- 

periods of history. To the first of these two classes tively vacant areas of promise, as in the past, 

of population movement, temporary m character, and today, though population is ‘less fixed than 

belong incursions of desert-dwelling nomads, national boundaries,” its movement is neither free 

such as the Bedouins of the Sahara, on sedentary nor unrestricted. 

populations of oases. To it also belong pillagings Even if free, the unrestricted migration of In- 
of the coasts of southwestern and southern dians, Chinese, and Japanese would only substi- 

Europe by Scandinavian Vikings. Examples of tute equally serious problems for the present one 

the second class of movement are afforded by the of local overpopulation in India, China, and 
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fapan. For example, if Australia, with its present 
small and essentially stationary population, were 
opened to Indian immigrants, it would provide ah 
outlet for the natural increase of India for not 
to exceed five years. Thereafter, Australia as well 
as India would have an overpopulation problem. 

Since migrations on a large scale are neither 
politically nor economically desirable in a "broken 
world, wholesale shifts of population, which are 
inevitably bound to produce undesirable results, 
are to be avoided. Further, civilized man has 
devised possible alternatives, not only for pillage 
and loot, but for large-scale population move- 
ments as well, which should eventually afford 
rehef from local congestion and may finally effect 
a permanent cure. 

As a result of thinking along economic, his- 
torical, and other lines, based at least in part on 
the facts of geographical conditions, some beheve 
that industrialization may solve the problem of 
overpopulation by reducing birth rates and in- 
creasing productivity. This would make for more 
to divide, and smaller numbers among which to 
make the division, thus meeting needs effectively. 
Others fear that such a development, now begin- 
ning in certain Oriental areas, threatens the 
future of the white races. Still others point out 
that a solution effective among white populations 
may not meet the necessities of Orientals, with 
their taboos and traditions. Further, it should be 
kept in mind that industrialization of the Western 
world occurred at an earlier period of history and 
stage of world development, when large areas 
were still sparsely occupied and unexploited. It 
is apparent that no plan, satisfactory to all and 
certain of success, has been promulgated as 
vet 

Some Effects of Population Distribution. Popu- 
lation distribution affects both the range of effec- 
tive economic activities and potential returns. A 
sparse population precludes the possibility of 
either extensive trade or industrial development, 
which offer great and varied opportunity to man. 
Only where there is considerable or great popula- 
tion density, though not always even there, is 
maximum diversification of economic activity 
possible. It is, of course, true that concentration 
of population does not necessarily ensure diverse 
economic activities; it is only one factor which 
makes them possible. Thus, though the popula- 
tion of Chma is dense, the amount of trade is 
relatively small, except for local exchange, and 


there is only limited industrial development of 
the Western type. 

The United States, with both vast natural re- 
sources and a large and sufficiently dense popula- 
tion m its more promising areas, offers a peculiarly 
favorable setting for both the present and con- 
tinued development of many effective economic 
activities. Therefore we should not view the 
future with foreboding, simply because the agri- 
cultural frontier has disappeared. We should, 
instead, realize that the future offers much greater 
opportunity than was ever presented by the 
wilderness and its "free land.'’ 

Size of population likewise affects both national 
influence and security. Though relatively small, 
aggressive groups were often a continuing threat 
to the peace and possessions of the generally 
numerous, but less warlike inhabitants of more 
favored areas during the earher periods of his- 
tory, this is no longer true. Today, when war 
involves all the people of a country, only the 
larger population groups can be a serious menace 
to world peace, and these only if united, fortu- 
nate in natural resources, and industrialized, for 
all these factors affect mihtary potential. 

This necessity for a large population, if a na- 
tion is either to defend itself successfully or to 
embark upon a program of aggression, is recog- 
nized in the concern manifested when a dechning 
birth rate foreshadows stationary or decreasing 
numbers. It is apparent that, though a large popu- 
lation does not, m itself, guarantee territorial 
integrity, as illustrated by China, it is still a pre- 
requisite for such security. Therefore such small 
nations as may continue to maintain their sepa- 
rate existence must do so only by the sufferance 
of their larger, more populous, and powerful 
neighbors, of wLom they tend to become eco- 
nomic satellites. 

In addition to being unable to defend its terri- 
torial holdings successfully, a nation finds it im- 
possible to command an important place in the 
councils of the family of nations, unless its popu- 
lation is large. Even large populations may meet 
with difficulty in having their wishes respected 
and their recommendations accepted, in tins day 
and age. This is because advice, unless backed 
by the power of enforcement, is seldom consid- 
ered of importance in international affairs, unless 
in the interest of those able to implement words 
by action, if necessary. 

The implications of these facts, as they affect 
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the United States, are obvious. Fortunate are we 
that our population is large, and doubly fortunate 
that natural opportunity has made possible a 
commercial and industrial development so great 
as to be envied m less favored areas. With wise 
leadership and use of this power, our country 
is not only in a position to protect itself against 
aggression, but to assume an important place in 
world affairs as well. 

Importance of Foptilation Factors as a Basis 
for National Planning, The preceding considera- 


tion of population factois is an attempt at a real- 
istic appraisal of existing conditions in an imper- 
fect world. Even though limited, it should sug- 
gest that both population performance and 
potentialities are facts on which any effective 
planning for the future must be based, at least in 
part. Therefore it is vital that, in formulation 
of both our domestic and international policies, 
due importance be accorded the part populations 
play at present, and promise to play in the fu- 
ture. 


QUESTIONS AND EXERCISES 


1. What is the present population of the world? Is 
it increasing or decreasing^ How rapidly^ Is the 
rate of increase uniform m all areas^ In all parts 
of the United States? In all parts of your home 
state? Why^ In what parts of the world is popa- 
lation increase most rapid at present? Why? 
Why do such increases cause great concern? 

2. Into what parts of the world was movement of 
white population most rapid after discovery of 
the Americas, and of sea routes to the Orient^ 
Why? Will this movement be paralleled at a 
later date by a similar invasion of the tropics? 
Why? 

3. What effects have been produced by the pres- 
ent movement of white populations into the 
tropics and the establishment of tropical plan- 
tations^ Which of these are beneficial and which 
are detrimental? 

4. What effects do the different stages of develop- 
ment of man have on population numbers and 
composition? Illustrate by examples of definite 
areas with each of these stages of development. 

5. In what stages of development is the population 
of Europe at present^ What does the future hold 
in the way of changes in present European popu- 
lations? In which one of the European countries 
does population promise to increase most rapidly 
in the future? Why^ How will the war probably 
affect European populations? Why? 

6. What does the future probably hold m store in 
the way of population changes for Asiatic coun- 
tries such as China and India? Will white influ- 
ence probably increase or decrease in these 
countries after such changes have occurred? 
Why? what respects would the emergence 


of great nations on the borders of the western 
Pacific be of importance to the United States? 

7. What IS the present population of Japan Its 
area? How does the population density compare 
with that of other countries^ For how long has 
the population problem of Japan been serious^ 
Why is it of rather recent origin? Will it disap- 
pear in the future*^ Why? How has industiial 
development affected it? 

8. Discuss the changes m number, distribution, and 
composition of the population of the United 
States between 1790 and 1940. What changes 
will probably occur by 1970^ Will these be ben- 
eficial or detrimental Why? 

9. Why are problems of local overpopulation diffi- 
cult of solution^ How were such problems solved 
in the past? Why can they no longer be solved 
in those ways^ Wliy is free migration of popula- 
tion impracticable today^ What solutions of the 
problems of local overpopulation have been pro- 
posed? What are the objections to such solu- 
tions? 

10. How does population density affect the possi- 
bility of diverse economic activities? Why? What 
is the actual effect of population density on di- 
versity of economic activities? Illustrate by ex- 
amples of specific areas. 

11. How do numbers of population affect national 
security and influence^ Illustrate by examples. 
What does the future hold for the United States, 
insofar as the future will be affected by popula- 
tion numbers and distribution^ 

12. To what extent should population trends and 
characteristics be considered in national plan- 
ning? Why? 
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This book is a '"symposium of political geogra- 
phy”; tlie chapters cited are concerned with popu- 
lation and population problems Chap XXVI deals 
with population trends and international relations; 
Chap. XXVII with tire fundamentals of population 
change in Europe and the Soviet Union, Chap. 
XXVIII with population movement in Imperial 
Russia and the Soviet Union. The student will find 
these chapters very valuable to supplement the 
more limited treatment of these topics in the 
text. 



PART THREE. MAN AND ENVIRONMENT 


Chapter Six 

THE ENVIRONMENT: ITS FACTORS 
AND FUNCTIONS 


The Landscape and Its Features. The ob- 
servable features of any region occupied by 
man are of two types : ( 1 ) those persisting from 
a period prior to human occupation, and (2) 
those resulting from such occupancy. 

Those not resulting from man's occupation 
and use include space relationships, climate, 
topography, soils, ground water and natural 
drainage, mineral wealth, contact with the sea, 
and life forms, both plant and animal. It should 
be remembered, however, that present condi- 
tions of certain of these individual features of 
any inhabited area represent an inheritance modi- 
fied by man's activities. Therefore the appearance 
of the landscape of today for any given region 
may, in some respects, bear only a slight resem- 
blance to the original one, from which it has 
been derived. 

Those aspects of the landscape which result 
from human occupancy embrace such items as 
buildings, roads, railroads, and other means of 
circulation and communication; fences and other 
boundaries; ditches and other artificial drainage 
lines; domesticated animals and cultivated crops; 
man himself, and such other observable material 
features as may have been produced, either di- 
rectly or indirectly, by human occupation and 
activities. Thus the existing landscape of any 
given date is a composite of the original, un- 
modified physical conditions of the area and the 
results of the interaction between them and 
man, as manifested by himself, his works, and 
their results. 

Factors of the Natural Enmronment. These 
are the observable elements of landscape listed 
earlier: features such as topography and soils. 
Since they afford the initial attraction for settle- 
ment, and later serve as the basis for man's 


economic activities, it seems desirable to discuss 
the effects of each individually, and the collec- 
tive effect of all, briefly at present, with a more 
extended consideration deferred until later. 

Space Relationships. These include relative 
location, size, and shape. The relative location of 
a region is good if it is easily accessible from 
other occupied areas, it is poor if it is accessible 
with difficulty. Excellence of relative location 
is, therefore, not measured in miles, but by ac- 
cessibihty, which affects both the obtaining of 
needed supplies and the marketing of surpluses. 
Thus the United Kingdom, located at the pole 
of the land hemisphere, is favored by relative 
location; the antipodes, Australia and New Zea- 
land, are handicapped. 

Countries vary greatly in size. Some are large, 
others are small; still others are of moderate areal 
extent. At one extfeme is the Soviet Union, larger 
than some of the continents; at the other, a 
principality such as Monaco, smaller than many 
a large farm or tropical plantation, so small that 
its area is best expressed in acres. Too small a 
size is a disadvantage, for it minimizes the pos- 
sibility of a desirable degree of self-sufficiency, 
in addition to imposing other limitations stated 
earlier, or to be considered later. 

The shape of areas likewise varies greatly, 
either favoring or handicapping a region. Thus 
attenuation or elongation, like that of Chile, 
which has a north-south extent of 2500 but an 
average width of only 111 miles, produces condi- 
tions which are less favorable than those in a 
compact but otherwise comparable area. 

Climatic Conditions. The climatic elements— 
nioisture conditions, and winds — 
are possibly the most important of all the factors 
of the natural environment. They are, indeed, 
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the only ones which can, and occasionally do, of an area are both important in either denying 
impose such limitations on man as to preclude or offering opportunity to man. If the plant hfe 
the practicability of his permanent occupation satisfies many human needs, this adds to desir- 
of certain areas under present and known condi- ability; if it meets few, areal attraction is de- 
tions. Thus only the wastes of snow and ice of creased. The same is true for animal hfe. In the 
the Arctic and Antarctic, hmited areas of great Americas, for example, none of the animals 

elevation and low temperatures, and shiitmg native to either supplied good beasts of burden, 

desert sands are destitute of all permanent in- The dog was too small to be very effective, the 
habitants. llama of the Andean plateaus had a similar limi- 

Soils. If soils are both deep and fertile, and tation. In North America, the bison, though large 

climate is favorable, man commonly avails him- enough, did not lend itself to domestication, and 

self of this opportunity to practice agriculture, other large animals suitable for use were lacking. 
In fact, areas with these favoring assets support This markedly handicapped the Indian popula- 
some of the world’s densest populations, such tions. 

as those ot the plains of the great rivers of China Mineral Wealth, The presence of varied and 
and India. By contrast, even where climatic valuable commercially exploitable deposits of 
conditions are favorable, if soils are shallow or minerals adds greatly to the desirabihty of any 
unproductive, except as activities other than ag- area. The absence of such deposits imposes a 
riculture serve as the basis for support, popula- great handicap by forcing dependence on other 
tion will be of only moderate density, and it may regions for a supply of materials indispensable 
even be sparse. in these days of complex industrial development, 

Ground Water and Natural Drainage. Ground though of much less significance at an earlier 
water, supplied by rainfall and stored under- period of the worlds history. The United States 
ground, serves both to feed streams and to satisfy is very fortunate in this respect, being completely 
human needs. Therefore, where it is deficient in self-sufficient in a large number of the important 
amount, man, particularly m the earlier stages of minerals, and capable of supplying its own needs 
his advancement, finds the lack a great disad- for several others in an emergency, when outside 
vantage. supplies from more valuable occurrences are cut 

Natural drainage may either impose a restric- off. This has stood us in good stead recently, 
tion or aid man in his attempts to use a given area though demands have now depleted some of 
as his home. If such drainage is poor, marshes and these reserves so seriously that they wiU no longer 
swamps may interfere with commumcation and meet our necessities. 

efforts to use the land, this being particularly true Contact with the Sea. Those areas with ex- 
during the earlier periods of history and among tensive and highly indented coasthnes enjoy in- 
less advanced populations. These are but two timate contact with the sea; others are accessible 

of the many ways in which natural drainage func- from the oceans only with difficulty, thereby being 

tions to either increase or decrease initial areal handicapped, for easy contact with the sea not 

opportunity; others will be discussed later. only facilitates the flow of trade, but also extends 

Topographic Conditions. These are among the an opportunity for securing a living to the land’s 

more obvious of the factors of the natural en- population. This may be by fishing, the carrying 

vironment which affect the suitability of an area of trade, or in other ways. The insular character 

for supporting man. If slopes are steep, soils will of the British Isles, for example, by contrast with 

be shallow, and conditions will be unfavorable, the continental location of the Soviet Union, 

By contrast, if slopes are gentle, or the land sur- explains at least in part the gi*eater dependence 

face is flat, soils will be deeper, and the probabil- of their population on trade, their accumulation 

ity that they will be productive is greater. That of widely scattered holdings, and their foreign 

r4ions of slight relief, or without great surface policy, particularly that of the past 
irregularity, are the favored home of man is in-^ Effects of the Total Natmal Environment. 
didated by the present distribution of the world’s-3 From the preceding general discussion of the 
population, the major portion of which is local- individual factors of the natural environment, 

ized in plain areas. which will be considered later in much greater 

Flora and Fauna. The plant and animal hfe detail, it is apparent that each limits the range 
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Fig. 27. Two types of Nebraska sod house near Clear Creek, Custer County. One is a dugout; the 
other IS entirely above ground The walls of such houses werej:nade of strips of sod, laid with the joints 
broken, and with every third course laid crosswise to bind the others together. The roof was constiucted 
by covering a framework of poles with prairie grass and then with sod When means permitted, the roof 
was supported by rafters, to which wood sheathing and tar paper were applied. Then this was covered with 
sod with the grass side down, cracks being filled with clay. These houses were cool in summer and warm in 
winter, but they were poorly ventilated and they seldom lasted longer than six or seven years They were 
also hard to keep clean for dirt dropped continually from the roof and walls and they leaked badly during 
rains, dripping water long after the ram was over. Sometimes the water-soaked roof became so heavy that 
the side walls, weakened by ram, could not support the weight and the building collapsed. (Courtesy of 
the Nebraska State Historical Society.) 


of eflFective human choice materially. Therefore 
the sum total of their influence on man assumes 
great importance, for they affect his works, his 
economic activities, his social organization, and 
even his literature. Among primitive populations, 
the effects commonly extend to religious behefs 
as well. 

Effects of Environment on Mans Works. An 
example of the effect of environment on the 
works of man is afforded by the variation in house 
types from locality to locality. Wherever wood 
is abundant, it is a commonly used building ma- 
terial. This is true in Japan, the forested Scandi- 


navian countries of northwestern Europe, and 
in much of European Russia. In our own country, 
it supplied the material for the log house with 
roof of hand-split shingles, favored by the pio- 
neers of the forested East. 

By contrast, where wood is scarce but stone is 
plentiful, as in Mediterranean areas, the latter 
is generally used for buildings. This is particu- 
larly true where sandstones and limestones, which 
break readily into rectangular blocks, are avail- 
able. Thus there is a marked resemblance in 
house types in the lands which border the Medi- 
terranean. 
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In the arid regions of the earth, where both 
wood and stone may be lacking, their place is 
commonly taken by clay, molded wet, then dried 
in the sun or baked by fire into brick. This was 
the material used for building the palaces and 
temples of ancient Babylon, and it is still used 
throughout much of northern Africa, southwest- 
ern Asia, and North China for the houses com- 
mon in those areas, even though such buildings 
have a tendency to 'melt” during torrential rams. 
In furnishing these houses, also, clay is often 
used, not only for making jars and similar uten- 
sils, but for other household equipment as well. 
In our own countiy, the adobe houses of the 
Southwest are built of sun-dried brick, much as 
are many of the houses in the drier parts of the 
Old World, and in the northern portion of the 
treeless Great Plains, the houses of the early 
settlers were commonly "soddies,” such as those 
shown in Fig. 27. 

Effects of Environment on Mans Economic Ac- 
tivities. Man makes his living m a variety of ways. 
Where the inhospitable character of the home 
area imposes too great limitations on possible 
economic activities on the land, he may even 
turn to the sea for support, as in Greenland, 
Labrador, and similarly handicapped regions. If 



Fig. 28 Fishing, to supplement farm income, on 
the Echigo Plain, western Japan. The farmhouse in 
the background fronts on one of the distributaries or 
branches of the Shinano, in the delta of that river. The 
structure on posts in the foreground is a shelter for the 
fisherman, as well as a support for the net, which is 
tripped by means of the projecting pole. In this 
densely populated area of small farms, supplementary 
occupations such as fishing are necessary, even with 
the existing low standards of living. 

the land offers any opportunity, however, even 
though shght, it is generally embraced, either as 
the basis for full-time occupation, or to supple- 
ment mcome derived from the sea. This oppor- 



Fig. 29 El Ued, an oasis in the Suf, Sahara Desert. The palm trees are planted in depressions dug to such 
depths that their roots can reach ground water Since these depressions tend to fill with drifting sand, it is 
necessary to keep them cleared to prevent burial of the trees In such an oasis, it is not necessary to water 
the trees but other crops, principally vegetables, must be supplied with water dravm by hand or with crude 
sweeps from open wells Land as such is valueless; only palm trees, planted with much labor, evidence wealth. 
In few areas is agriculture carried on so laboriously as in the oasis of El Ued. (Courtesy of Theodore 
Benzinger. ) 
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Fig. 30. The large, pierced slab of stone at the right is the '‘stone money” of Yap. The women in the 
foreground, in their native dresses made from material obtained locally, are part of the harem of the wealthy 
chief of the island. Standing at the left is the Executive Officer of the mine sweeper Bittern, (Courtesy of 
W. H. Hobbs.) 


tunity may range from grazing to agriculture; it 
may include mining, or it may even involve in- 
dustrial development and dependence on trade. 
Which of these it is, either singly or in combina- 
tion, will depend on environmental conditions in 
major part. If rainfall is limited, but suflScient to 
grow grass, grazing presents an obvious oppor- 
tunity, and flocks and herds may serve as the 
basis for support of either a nomadic or a sed- 
entary pastoral population. If rainfall is more 
abundant, other climatic conditions are favor- 
able, topographic conditions do not prevent, and 
soils are fertile, agriculture may be the dominant 
economic activity of the population. If neither 
grazing nor agriculture is possible, but mineral 
wealth is present, mining may assume great im- 
portance in the economic life of an area, in some 
cases serving as one of the bases for the develop- 
ment of manufactures. Again, power developed 
by use of coal, or available energy supplied by 
streams, plus nearness to raw materials and mar- 
kets, may likewise lead to the emphasis of in- 
dustrial development as the basis for human 
support. Thus man's economic activities are predi- 
cated rather largely, though not entirely, on en- 
vironmental opportun’^-'" 


Effects of Environment on Mans Economic 
and Social Organization, In established civilized 
communities, the wealth of the individual is 
measured in terms of tangible possessions such as 
land, buildings, animals, stores of commodities, or 
tokens which can be exchanged for these material 
expressions of accumulation resulting from initia- 
tive and thrift. Among many populations, and 
under certain environmental conditions, however, 
property, or the evidences of wealth, may not 
include all of the preceding list, and it may as- 
sume a different form. In very high latitudes, 
in the dense forests of the tropics, and in the 
oases among the dunes of the Suf, the land, 
except as improved by man, is of no value. There- 
fore land ownership as such is of no importance, 
and wealth is reckoned in other terms. Thus, 
among some populations of the Sahara, wealth 
may consist of pahn trees, or the possession of a 
water supply; in other parts of the world, as 
among the Lapps, it may be reckoned in reindeer, 
which support the population. Again, 'money” 
often assumes strange forms. Sometimes it is not 
even a medium of exchange, as on the island of 
Yap, where gi-eat circular slabs of stone, the 
celebrated "stone money” imported at the cost 
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of much effort from considerable distances, are 
ranged before the houses of their owners as evi- 
dence of economic position in the community. 

Family organization among less advanced 
populations is likewise often influenced materi- 
ally by environment. Thus, where dependence for 
a livelihood is on the chase, the successful hunter 
assumes leadership; other members of the family 
or group occupy subordinate positions. In other 
cases, the matriarch may be the source of family 
authority where the character of the regional 
occupation dictates this as advantageous. Within 
the family, the position o£ each age group hke- 
wise varies with the basis for support imposed by 
stage of development, environmental limitations, 
and other factors. Among primitive hunting popu- 
lations, for example, maturity ensures a position 
of importance; youth one of dependence. The 
aged, since noncontributing and past the possi- 
bility of contribution, may even be considered 
a permanent liability of such importance as to 
result in their being allowed to die prematurely, 
or even in their being put to death. Further, 
where life is precarious at best, as a result of scant 
natural opportunity, communistic practices in 
some degree are not uncommon, families sharing 
at least in food supply. This is often advantageous 
at a low stage of development, where no provi- 
sion for the future exists, so that the existing 
plenty of one family may shortly be replaced 
by actual want, if sharing of temporary advantage 
is not the practice. 

With increasing density of population, even 
among relatively primitive populations, some so- 
cial organization of units larger than the family 
IS common. Exactly what form this will assume 
is affected by the environment of the area where 
the given population group lives and makes its 
living. In the case of a nomadic hunting popula- 
tion, for example, it may consist of small, roughly 
federated groups, united only in emergencies. 
The smaller units of such an organization are 
“democracies'" of the hunters and warriors, with 
leadership chosen for skill in the chase and war, 
the federation being less effective in the every- 
day life than the control exercised witliin the 
smaller constituent groups. This is a logical social 
organization where natural opportunity and stage 
of development dictate the chase as the basis 
for support. Among dense sedentary agricultural 
populations, and in highly industrialized areas, 
this intimate and obvious relationship between 


the type of social organization and the environ- 
ment is either obscured or it disappears com- 
pletely. 

Effects of Environment on Literature and Re- 
ligion, When man, prior to his knowledge of con- 
ditions other than those of the homeland, trans- 
lates his ideas into words, either spoken or writ- 
ten, he is limited in the form of expression by 
his experience, which is conditioned by environ- 
ment Therefore the inhabitants of continuously 
warm areas never describe snow, nor do the 
inhabitants of cold regions such as Greenland 
ever attempt to picture the high temperatures 
and luxuriant vegetation characteristic of many 
equatorial areas, for such phenomena are outside 
the range of their knowledge and experience. 
Thus the literature of a people is often influenced 
by the local environment. For example, the Old 
Testament abounds in figures of speech which 
indicate that the Hebrews lived in a relatively 
dry region, where rains were commonly torren- 
tial downpours, and where pasturage was both 
uncertain and none too good at any time because 
of soil moisture deficiency. 

Not only is description of the present woild in- 
fluenced by the local environment but, among 
less advanced population groups, the hereafter 
as well must be envisioned in terms of everyday 
experience. Thus the hfe to come for the good 
on earth is pictured as supplying in full measure 
all m which the local environment may be lack- 
ing; that for the wicked, as an exaggeration of 
the undesirable characteristics of the home area. 
For example, the heaven of a nomadic huntmg 
population is a region abounding in game, a 
“Happy Hunting Ground"; that of a nomadic 
pastoral population, one where water is abundant 
and pastures are contmuously good. That of a 
primitive native population of cold areas is a 
warm region where winter never comes, the idea 
of a happy hereafter held by the Eskimo. By 
contrast, the heaven of the natives of equatorial 
Africa, where both temperatures and humidity 
are high and manual labor is very trying, is a 
place where work is unnecessary and a life of 
continuous ease a possibility. Conversely, the 
hells of these various populations lack the de- 
sirable characteristics visioned for the heavens. In 
all, however, the component elements of these 
pictures of the hereafter are based upon everyday 
experience, which is limited by environmental 
conditions of the home area. 
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Fig. 32. A typical farm home in Fayette County, Kentucky. Located on the Jackson Highway near 
its junction with Van Meter Pike. Fine homes, set m spacious lawns, are common in the Lexington area. 
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considerations. From such areas, he advanced 
slowly into colder and colder parts of the earth’s 
surface, as increasing knowledge of how to meet 
these new conditions effectively came within the 
field of his information. Even today, however, 
cold winters are a deterrent to many population 
groups in the occupation of an area, and it is 
more than possible that the common fear of 
the northland is an inheritance from the more 
remote past, when man was a naked savage, 
without adequate protection from low tempera- 
tures, and without knowledge of how to secure 
such protection by his own efforts. 

Environment and Savage Man. This same re- 
pressive effect of low temperatmes still manifests 
itself, in somewhat modified degree, among less 
advanced populations, even among those actually 
inhabiting high latitudes. It is true that these 
groups have progressed sufficiently since the 
earliest days to make protection against low 
temperatures possible. Nevertheless, the great cli- 
matic limitations of such areas, plus lack of inter- 
course with other parts of the world, make 
necessary a type of existence very different from 
that which would be possible with a somewhat 
more advanced population group. Thus the food 
supply, shelters, clothing, utensils, and all other 
features of their material culture are definitely 
confined within a narrow range of selection, im- 
posed by low temperatures. 

Environment and the Pioneer. With pioneer 
occupation of the region west of the Appala- 
chians m the United States, and in similar fashion 
elsewhere in the world at that time, the relative 
desirability of areas was determined largely by 
the extent to which they permitted a considerable 
degree of self-sufficiency. A region which afforded 
game and fish, timber for construction and fuel, 
springs or some other source of v/ater supply, and 
a limited amount of level land with soils of fair 
fertility was considered at least as good, and 
often better, than one with more level land and 
productive soils, but lacking in building material, 
fuel, and a readily available supply of water 
for domestic use. Even though we today estimate 
the relative values of these two areas differently, 
it should be realized that, at an earlier date, and 
from the standpoint of the pioneer, the older 
evaluation was correct. 

Environment and Civilized Man. As man has 
made progress, step by step, additional areas 
have become capable of effective use, and ac- 


companying shifts of population and changes of 
population density have occurred. Today, few 
parts of the earth’s land surface are incapable 
of supportmg inhabitants. This results from the 
fact that civilized man can occupy any area if 
it offers a single asset that is able to serve as the 
basis for economic activity which will afford sup- 
port. Even the wastes of snow and ice of the 
polar areas, particularly those of the north, over 
which routes of future air hnes may pass, are 
attracting ever-increasing attention, and assum- 
ing greater value as possessions. Therefore, areas 
such as those of the high latitudes, formerly 
considered valueless, take on a new significance, 
in view of their effect on our national welfare 
and our planning for national security. 

The Operation of Environment. The environ- 
ment exerts no compulsion on either an individual 
or a population group, for it operates only by 
^ presenting and limiting opportunity' thus affect- 
ing the range of effective human choice. Thus two 
regions with similar natural assets may develop 
along different hnes, or in differing degrees. 
However, in areas with unfavorable environ- 
mental conditions, development will always be 
hmited, irrespective of human choice. 

A Favorable Environment Permits Progress. 
A favorable environment is one in which the 
range of effective human choice is extensive. For 
example, an easily accessible area of sufficient 
size and compact shape, with gently rolling 
topography, deep and fertile soils, adequate na- 
tural drainage, and favorable chmate would af- 
ford opportunity for varied and profitable agri- 
cultural production in sufficient volume to ensure 
marketing surpluses to advantage. If, to the fore- 
going environmental assets, commercially exploit- 
able deposits of mineral wealth are added, mining 
becomes an additional possible occupation. If 
forest wealth in quantity and quality to permit 
commercial lumbering is also present, still an- 
other remunerative occupation becomes avail- 
able. Such a concentration of environmental 
advantages establishes the basis for the many 
effective choices which make possible the varied 
activities characteristic of economic life in highly 
developed areas. 

There are many examples of environmental 
settings in this country wliich present man with 
several choices of occupation, all profitable. This 
is one reason why the United States is the envy 
of the civilized world. It is regions such as these 




Fig 33. Typical Kentucky Mountain topography, Breathitt County. Farms are confined to the narrow 
valley floor, on either side of which the steep, forested slopes of the bordering “mountains” rise to heights 
of several hundred feet These ridges, which are uninhabited, impose serious barriers to travel from valley 
to valley. Within any given valley, however, there is no isolation, for the road, bordered by small farms, 
follows the creek. In places, indeed, it is m the creek bed Under such conditions, it is a very poor road 


that support considerable populations, for they 
are foci of attraction because of the promise 
they hold forth of a satisfactory livelihood to be 
obtained in a variety of ways. 

An example of a focus of this type is afforded 
by the Kentucky Bluegrass region, to which 
settlers flocked shortly after the American Revo- 
lution, lured by reports of its desirability by 
Daniel Boone and others. There was a settlement 
at Harrodsburg as early as 1774, and by 1790, 
Lexington, the unoflficial capital of the area, was 
a place of 834 persons. This was a considerable 
population at that early date, when there were 
few towns of any size in the United States. 
Even excluding to-wns, the rural population ex- 
ceeded 50 persons to the square mile by the close 
of the century, and increase has been steady smce 
that time. The early attractiveness of the area is 
evidenced by the rapidity with which it was 
settled, despite the danger of Indian attack and 
the difficulty of travel, both overland and by 


river. Today, after more than 150 years of oc- 
cupation and development, the better parts of 
the Bluegrass, sometimes referred to as the 
“Heart of Kentucky,” present prosperous agri- 
cultural landscapes surpassed in beauty in few 
if any parts of the United States. In these areas, 
acceptance of great environmental opportunity 
has resulted in progress, evident even to the 
casual observer. 

A Poor Environment Causes Retardation. If, 
by contrast with conditions in the Bluegrass, 
relatively flat land is limited in extent and border- 
ing slopes are steep, soils will in general be shal- 
low, especially on the slopes. They may likewise 
be poor, even where topographically suitable for 
agricultural use, particularly if soil erosion is 
active, as is frequently the case on the slopes 
which margin the flatter land. In such an area, 
even though climate may be favorable, agricul- 
tural opportunity is limited by other environ- 
mental factors which eliminate the possibility of 
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more than a subsistence type of farming, without 
surpluses for marketing. Further, topography in- 
terferes with transportation. Hence roads will be 
either circuitous or handicapped by heavy grades, 
and most of them will be poor. These conditions 
tend to fasten isolation on the inhabitants, de- 
priving them of the benefits of contact with the 
outside world. This leads to an undue satisfaction 
with mediocre and limited achievements, in the 
absence of a satisfactory basis for comparison. 
Therefore progress is arrested, and the area is 
commonly thought of as ''backward.’" Cut off 
from the main stream of progress, which flows 
without undue interruption in the accessible 
areas outside, such an area becomes a "back- 
water, in which, as tune goes on, submarginal 
elements of the population accumulate and mul- 
tiply, for the more progressive members escape 
to seek a living elsewhere, in some region of 
greater natural opportunity, and no infusion of 
new blood from outside occurs because oppor- 
tunity does not beckon in this region of limited 
environmental assets. 

An example of an area of the type described 
in the preceding paragraph is afforded by the 
Kentucky Mountains, the highly dissected por- 
tion of the Allegheny Cumberland Plateau in 
/•‘astern Kentucky. In general, the only remnants 
of the original plateau surface are the narrow 
lidge tops, the "mountains.” Therefore the area 
consists of a maze of narrow valleys, ti ending 
in various directions, with the stream courses 
bordered by limited amounts of flat land. 

This region was settled at the same time as 
the Bluegrass, and by the same population stock, 
many parties v/hich started for the Bluegrass 
by overland routes tluough the Mountains split- 
ting, some of the members electing the rough 
country of eastern Kentucky as a place to re- 
main and establish a home. This decision is un- 
derstandable from the point of view of the pio- 
neer. The area afforded him opportumty: some 
level land and a favorable climate for a self- 
sufficing type of agriculture, with corn the favored 
crop; timber for construction of a log house and 
fuel; water supply from streams and numerous 
springs; and game and fish in abundance. But, 
with environmental opportunity Hmited in both 
amount and kind, and with large families the 
rule, the small amount of level land was soon 
occupied, and game disappeared under inten- 
sive hunting. Shortly, population became too 


dense to be supported without depression of 
standards of hvmg. This led to malnutrition and 
deterioration of the population stock. Cut off 
from the outside by lack of effective means of 
communication, progress was very slow, or re- 
tardation occurred, so that, up to a relatively 
few years ago, the Kentucky mountaineers might 
be found hving under much the same conditions 
as those common on the frontier shortly after 
the close of the American Revolution. 

During recent years, it is true, conditions in 
many parts of eastern Kentucky have altered 
materially with construction of rail lines and 
exploitation of the mmeral resources, particu- 
larly coal. Nevertheless, hving conditions remain 
generally poor, and living standards are still low 



Fig. 34. A typical Australian black Smce it is 
warm in the Australian Desert where the "blacks'" 
live, he wears httle clothing. Note the thick, but not 
protuberant lips, and the features, which are not 
tliose of the Negro. The scars on the chest were made 
at the age of puberty, at the ceremonies known to 
whites under ffie native generic term for mitiatory 
rites, ‘"bora”. The exact pattern of the scars varies 
with the tribe, but in all cases they indicate the at- 
tainment of maturity. (Courtesy of Griffith Taylor.) 
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Fig 35 Building a “gunyah” or shelter. This is constructed by covering a framework of poles with 
bark of the eucalyptus, several species of which make up much of the scrubby growth where the Australian 
blacks have their home Such a structure can be erected in an hour, so that its abandonment, made neces- 
sary by the nomadic habits of life of the blacks, entails no great loss. (Courtesy of Griffith Taylor.) 


in the more isolated areas, affording great con- 
trasts \vith those of the Bluegrass, only a few 
miles away. 

Repressive Environments and Retrogression, 
Wherever environmental conditions restrict man s 
choice too greatly, and impose too great a limi- 
tation on the opportunity offered within the range 
of the most effective choice, it is possible that 
the population will make no progress. In fact, 
indications of actual retrogression may be evident 
in such areas. The repressive environments which 
may produce such an effect fall into three classes: 
those which are too dry; those which are too 
wet; and those which are too cold. 

Regions with such environments are normally 
occupied by very primitive populations. In all 
probability, they w^ere formerly inhabitants of 
more promising areas, of which they were dis- 


possessed by stronger population groups, for it is 
difficult to believe that any group would, without 
compulsion, choose these undesirable locations 
were others open to them. Some of the reactions 
of man to regions of this type have been con- 
sidered previously. In the present discussion, the 
effects of the and conditions of the great desert 
of central and western Australia will be used 
for illustration. 

Topographically, and as regards soil condi- 
tions, much of the Australian desert is suitable 
for habitation and a high degree of development 
However, rainfall is so small in amount that 
other advantages fail to offset the precipitation 
deficiency. At William Creek, on Lake Eyre, the 
average annual precipitation is only 5 4 inches, 
and, in much of the surrounding area, the normal 
rainfall is less than 5 inches. Lake Eyre itself is 
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usually only an expanse of dry, salt flat, only 
occasionally does it contain water. Further, the 
rainfall of the Australian desert is erratic in oc- 
currence. Sometimes no rain falls for as much as 
two years or more, and then in torrential down- 
pours. Therefore much of the water runs off 
without penetrating the soil, and, because of the 
high temperatures, sometimes as high as 115° F. 
in the shade, an additional large amount eva- 
porates directly into the dry air, without benefit 
to life. Under such conditions, vegetation is 
sparse and animal life is limited. 

The inhabitants of this area, so lacking in 
natural opportunity, are the Australian blacks, 
sometimes known as the ‘Tlackfellows” because 
of their dark copper, or chocolate-colored skins, 
though they are not Negroes. They are one of 
the most debased populations of the entire world. 
Forced to change location frequently with the 
disappearance of game in a given locahty, they 
lead a migratory and precarious existence, within 
the limits of the tribal hunting grounds. Their 
shelters are crude and temporary, as shown in 
Fig. 35. Even with constant migration, only an 
inadequate food supply for the limited popula- 
tion, dependent on game, seeds, roots, grubs, andT 
reptiles, is available. Canmbahsm was a common 
practice in the past and probably still persists. 
The necessity for a continuing shift of location 
and struggle for any kind of food supply, no 
matter how poor, precludes the possibility of 
acquisition of many material possessions and 
leaves little leisure for development. 

Mentally, the Australian blacks are children. 
They have no general terms such as tree, bird, 
or fish, but only a name for each plant and 
animal known to them. They have words for one, 
two, and three, but four is ordinarily ‘‘two-two.** 
They have no recognizable religion and no idols, 
but possibly some vague idea of a hereafter. The 
existence of the blackfellows is, in fact, almost on 
the plane of that of the larger animals which 
furnish part of their food supply. So little progress 
have they made in the unfavorable environment 
of their home area that they still live as our 
ancestors must have existed in the very remote 
past, long before the period of written history. 

Though the occurrence of actual retrogression 
may be difficult or even impossible to establish 
conclusively for a given population, its inevita- 
bility under sufficiently unfavorable conditions 
is undeniable, and such evidence as we have 


indicates that it occurs. Huntington, for example, 
notes the “persistence” of characteristics and the 
“passion for agriculture and herding** among tlie 
Ba-Kalahari, or the inhabitants of the margins 
of the Kalahari Desert, which would indicate 
retrogression of these people, driven from a bet- 
ter watered area and today living in a diy region 
where they are dependent on hunting for most 
of their food supply. 

Effects of the Cultural Enviro7imenf. The cul- 
tural environment is a composite of those features 
of the landscape reflecting man’s activities. It in- 
cludes such elements as cultivated fields, artificial 
drainage hnes, buildings, transportation systems, 
and also man himself. These aspects, as well as 
those which represent a natural inheritance, will 
be considered later in more detail, for the present, 
discussion will be hmited to stating some of their 
effects. 

As has been indicated earlier, nature, unmodi- 
fied by man, seldom if ever offers maximum op- 
portunity. When man appears on the scene, how- 
ever, he alters the envnonment in his attempts 
to obtain a living. Generally, though not always, 
this leads to a betterment of conditions. For ex- 
ample, land clearing and swamp drainage in- 
creasl^ the area capable of agricultural production 
and generally permit support of additional num- 
bers; road building and rail construction facilitate 
movement of goods and enhance desirability. 
Even the mere presence of man, especially if his 
numbers are considerable, modifies areal attrac- 
tion and affects the kind and degree of oppor- 
tunity, as has been stated in considerable detail 
in earlier chapters. 

Therefore the relative desirability of areas is 
influenced, not only by natural inheritance alone, 
but by such inheritance as modified by man, his 
works, and himself. Often, indeed, areas of rela- 
tively low initial opportunity develop great at- 
traction, subsequent to human modification, 
sometimes to the extent that present economic 
activities are best explained in terms of the cul- 
tural rather than the natural environment. 

The possibility of producing such a desirable 
alteration of opportunity in areas of slight present 
attraction by the proper procedures is what 
makes regional planning so much preferable to 
the trial and error methods of the past, always as- 
suming that the planning is bv competent in- 
dividuals, whose decisions will be based on eco- 
nomic rather than political considerations. 
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QUESTIONS AND EXERCISES 


1. What are the two major divisions of the ob- 
ser\ able features of the landscape of a region oc- 
cupied by man^ What is the basis for the dis- 
tinction between the two^ What are some of the 
elements of each subdivision? 

2. Place a globe with London at die top and note 
the location of Australia and New Zealand Why 
are Australia and New Zealand said to have an 
antipodal location^ What is die area of the So- 
viet Union in square miles? How large a fraction 
of die total land surface of the earth is diis area^ 
What is die area of Monaco? How does this area 
compare with that of farms in your home region^ 

3. Name and locate se\'eral areas of slight elevation 
and relief which support dense populations. 

4. What beasts of burden did die native animal life 
of the Americas supply to Indian populations^ 
Were they of great valued Why? What crops did 
die Americas contribute to European agricul- 
ture? Did their introduction affect European 
agiiculture markedly, and, if so, how, where, and 
why? How did the introduction of the horse af- 
fect the life of the Plains Indians? 

5. How does lack of self-sufficiency in minerals af- 
fect certain nations today^ Give examples. What 
would die relationship of Japan to the sea indi- 
cate as to the probable importance of such con- 
tact? Is this importance realized in the eco- 
nomic life of the Japanese? In what way? 

6. How are Japanese houses constructed? Why^ 
How and why do they differ from those of Medi- 
terranean areas^ Those of deserts? Why was the 
log house the usual pioneer type in much of the 
eastern United States? The "soddy” that of the 
Great Plains? 

7 Under what conditions does a population turn 
to the sea for most of its support^ Name some 
areas where this occurs. Why is fishing often a 
supplementary occupation in many parts of east- 
ern Asia^ 

8 Why does possession of “stone money” indicate 
wealth in Yap^ Why does ownership of palm 
trees indicate the same in El Ued^^ 

9. What will be the probable social organization of 
a nomadic hunting population^ Why is sharing 
of food supply often advantageous among less 
advanced populations? 


10 Find some figures of speech in die Old Testa- 
ment which indicate that the Hebrews lived m 
a relatively dry area during Biblical times De- 
scribe in some detail the hereafter of a hunting 
population such as the Indians. Contrast this 
with that of a nomadic pastoral population. 

11. Why did man probably originate in an area 
without extremely cold winters^ Why did the 
early American pioneer often prefer an area of 
varied resources to one of greater desirability 
for agricultural use? Give an illustration of this. 
Why has the airplane caused inei eased interest 
in polar possessions, particularly in the Arctic? 

12. What is the rural population density of your 
home state? Compare this population density 
with that of the Bluegrass region m 1800. What 
are the major economic activities of the Blue- 
grass region of Kentucky today^ 

13. Under what environmental conditions may re- 
tardation occur^ Why is the topograpliy of the 
Kentucky Mountains so rough? Wheie is the 
level land located^ Where are the roads of the 
Kentucky Mountains located^ Why^ 

14. Report on the characteristics of the Kentucky 
mountaineers. How and in what way are these 
characteristics related to environmental condi- 
tions? What characteristics, other than those 
listed in your text, evidence retardation m the 
Kentucky Mountains? 

15. What has caused deterioration of the population 
stock in the Kentucky Mountains^ Why are the 
Kentucky mountaineers sometimes referred to as 
our “contemporary ancestors”? 

16. Name the three types of repressive environment 
and give an example of each. 

17. What is the approximate area of the Australian 
desert? Wliat fraction of the area of the United 
States is this? What is the amount of rainfall in 
inches in the Australian desert? What is the 
rainfall in inches for the area where you live? 

18. What is the probable cause which makes a popu- 
lation group live m an area with a repressive 
environment^ Describe the life led by the Aus- 
tralian blacks. On what do they depend for food 
supply^ Why are such populations of interest, 
even though their numbers are small? 



THE ENVIRONMENT: FACTORS AND FUNCTIONS 


65 


SELECTED REFERENCES 


Bowman, Isaiali, Limits of Land Settlement, Council 
o£ Foreign Relations, 1937. 

This report on present-day possibilities for settle- 
ment by ten specialists considers the prospects for 
redistribution of population; the effect of food sup- 
ply on the migration process; and the opportunities 
for settlement in Canada, parts of Asia, Australia, 
Africa, and South America. It supplies very sugges- 
tive reading. 

Brunhes, J , Human Geography, Rand McNally and 
Company, Chicago, 1920, pp. 74-110. 

The pages cited discuss the effect of environ- 
ment on house forms in considerable detail, and 
supply an elaboration of this topic as treated in 
your text. 

Davis, D. H , Geography of the Bluegiass, Kentucky 
Geological Survey, Frankfort, Kentucky, 1927. 

, Geography of the Kentucky Mountains, Ken- 


tucky Geological Survey, Frankfort, Kentucky, 
1924. 

These two publications of the Kentucky Geo- 
logical Survey contain detailed descriptions of tiie 
environment and economic acti\ities of the Blue- 
grass and tlie Kentucky Mountams. 

Thomas, N. W., Natives of Australia, Constable and 
Company, Ltd., London, 1906. 

This book supplies a popular description of tiie 
native population of Australia. 

Whitbeck, R. H., and Thomas, Olive J., The Geo- 
graphic Factor, D Appleton-Century Company, 
Inc., New York, 1932, Chaps, XVII-XVIIL 

These two chapters discuss the effects of en- 
vironment on racial character, religious behefs, and 
character. In reading them, it is well to remember 
that it IS hazardous to attempt to press these effects 
too far. 



chapter Seven 

THE CHANGING ENVIRONMENT: 
NATURAL AGENCIES PRODUCING CHANGE 


Environmental Change and the Agencies Fro-^ 
ducing Change. That the natural as well as the 
cultural environment alters continuously is a mat- 
ter of common knowledge, for change during less 
than a human lifetime, especially in areas occu- 
pied by man, is generally sufficient to be detected 
by even the most superficial observer. Sometimes 
the change is slow; sometimes, with the occur- 
rence of great natural catastrophes, it may be 
exceedingly rapid; at all times, however, it is m 
progress. Thus areal desirability is modified, for 
either the better or the worse, as the environment 
alters. The agencies producing changes fall into 
two groups: (1) natural phenomena such as 
earthquakes, volcanic eruptions, floods, droughts, 
destructive windstorms, fires set by lightning, 
competition of life forms, and others of less im- 
portance, some because of the great slowness 
with which they operate; and (2) man^s activities. 
The latter are more important, though they com- 
monly attract less popular attention, unless they 
have political implications or possibilities. In this 
chapter, only the first of these two groups of 
agencies will be considered in their effect on both 
the natural and cultural landscapes. 

Earthquakes. An earthquake is a tremor or 
shaking of the earth’s surface layers resulting 
from any shock strong enough to cause movement 
of the crustal strata. Most of these disturbances 
are minor and without appreciable detrimental 
effects, but when one results from crustal defor- 
mation and vertical or other displacement of 
the underlying rock layers along a fault plane, 
or a ^ine” of weakness, often many miles in 
length, considerable observable surface change 
may result. The same is true when the shock is 
caused by either subterranean movement of lava 
pr a volcanic eruption of explosive character. 


Earthquakes of this latter type are frequent where 
volcanism is active, both before and during erup- 
tions, though more limited in the areal extent of 
their effects and less effective in producing wide- 
spread destruction and change than those asso- 
ciated with crustal dislocation along important 
zones of faulting. 

In view of the causes of earthquakes, it follows 
that they are most frequent where crustal move- 
ment is active, or where mountain uplift is oc- 
curring and volcanic activity is marked. Two such 
belts of active crustal movement encircle the 
globe at approximately right angles to one an- 
other. One girdles the Pacific; the other extends 
in an easterly-westerly direction through the 
West Indies, the Mediterranean, southern Asia, 
and the East Indies. Studies which have been 
made indicate that more than 90 per cent of all 
important earthquakes of record have occurred 
in these two belts, with somewhat more than 
half in the second of the two. 

Some of the major shocks have caused great 
loss of life and enormous property damage. It is 
estimated, for example, that 60,000 persons per- 
ished in the Lisbon earthquake of November 1, 
1775, mostly from drowning by the great wave 
which swept over the waterfront, where many 
had taken refuge to escape danger from falling 
buildings. Throughout the Mediterranean area, 
to the east of Lisbon, earthquakes are common, 
both with and without accompanying volcanic 
eruptions. Among the more important of these 
may be listed the Calabrian earthquakes of 1688, 
1693, 1783, 1905, and 1908, in all involving a 
loss of more than 195,000 lives, together with an 
equally imposing amount of property damage. 
Similarly, violent shocks have been recorded in 
the circum-Pacific belt; in Alaska^, western United 
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Fig. 36. The Hibernia Bank Building, wrecked by the San Francisco earthquake of April 18, 1906. This 
shock was caused by a displacement of from 3 to 20 feet along an important fault line or rift many miles 
in length, just west of San Francisco, where the shock was especially severe. Fires which broke out after the 
earthquake spread rapidly and completed destruction of the city, as the water supply was cut o£E by the break- 
ing of the mams This earthquake and the accompanying fire was one of the great natural disasters of our 
time in the United States. ( Courtesy of the U. S Geological Survey. ) 


States, western South America, and eastern Asia. 
In Japan, for example, the Tokyo earthquake of 
1923 demolished much of Tokyo, particularly the 
eastern portion on the recent alluvium or river 
flats of the Sumida River, causing a loss of thou- 
sands of lives in the narrow streets, where people 
packed in the limited open spaces were showered 
with debris from falling buildings and burned 
to death by the fires which followed the earth- 
quake. 

Earthquakes may modify topography, as did 
the New Madrid earthquake of 1811-1812 in the 
Mississippi Valley, which produced depressions 
such as the one in which Reelfoot Lake in west- 
ern Tennessee stands today. They may also be 
accompanied by changes in coastlines, through 
either elevation or depression of the land surface 
^and the ocean floor. The principal damage and 
change in environmental conditions result, how- 
ever, from destruction of the works of man and 


loss of life. Though spectacular and attracting 
much attention, the total alteration of the natural 
environment by any single earthquake, or within 
a human lifetime, is normally not great, except 
locally, and even in these limited areas important 
permanent change seldom occurs. Over periods 
of geological time, however, the cumulative ef- 
fects of crustal movement are marked. 

Volcanic Eruptions, Whenever lava is ex- 
truded, either quietly or explosively, commonly 
by the expansion of steam or other gases con- 
tained in the melted rock, a volcanic eruption 
occurs. This will be relatively qmet, though ter- 
rifying, if the lava is thin and the pent up gases 
escape without too much difficulty; explosive in 
character if the gases accumulate until the pres- 
sure is sufficient to force out thick or partially 
solidified rock material from the crater. Such 
ejected material, either liquid or solid, gradually 
builds up a cone or mountain around the orifice 
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through which the lava escapes. If the lava flows 
readily, the cone will have relatively gentle 
slopes, like those of the Hawaiian volcanoes, if 
the eruption is explosive, the fragmented material 
will form a cone with steeper slopes, similar to 
those characteristic of many of the Italian and 
Japanese volcanoes. Since individual volcanoes 
may erupt differently at various times, the shapes 
of the cones reflect that fact, many being inter- 
mediate in form. 

Lava flows vary greatly in extent. Many cover 
only a limited area, but some of the larger ones 
in Hawaii attain a length of as much as 40 miles, 
and a width of from 2 to 3 miles. These flows ob- 
literate everything in their paths, destroying all 
life and the works of man, converting a previously 
productive occupied area into one of utter desola- 
tion and altered topography. When the eruption 
is explosive in character, it is even more terrify- 
ing and destructive. The lava, ejected high into 
the air, is fragmented. Some of the material is 


blown into veiy small pai tides which settle over 
the countryside as hot volcanic ash. In combina- 
tion with the rams which frequently occur at 
times of volcanic eruptions, the ash may foim 
a hot mud which flows down the slopes, engulfing 
all in its path. Such a mud flow, since solidified, 
entombed Herculaneum in 79 A D., at the time 
of the eruption of Vesuvius. If the fragmentation 
is not quite so complete, a ram of rock fragments 
of variable but larger size falls. In addition to 
solid material, a blast of highly heated and often 
poisonous gases, such as sulphur dioxide, in ad- 
dition to steam, may rush down the slopes of the 
volcano to destroy all life in its path. Such was 
the fate which overtook St, Pierre, on the island 
of Martinique, when Mont Pele erupted on May 
8, 1902. It is estimated that this blast, with a 
temperature of 1400-1500° F., traveled 3 miles 
in 2 minutes, a velocity of 90 miles an hour, 
overthrowing buildings and searing everything in 
its path. Then ash descended to bury the city. 



Fig. 37 Destruction of Hoopulua, Hawaii, April 18, 1926 The advancing lava has buried the village 
completely, and along the front of the flow where it has reached the sea, great clouds of steam are rising. 
Spectators in the foreground are watching the spectacle from a safe distance (Courtesy of T. A. Jaggar. ) 
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Other explosive eruptions of similarly destructive 
character are known, that of the eruption of 
Krakatoa, m the Strait of Sunda between Sumatra 
and Java, in 1883, being outstanding. The sound 
of the explosion was reported in Austraha, 2000 
miles distant; great waves rose 100 feet in height 
on neighboring shores; ash darkened the skies 
for a distance of 150 miles. Had this eruption 
occurred in a more highly developed and densely 
populated area, the loss of life would have been 
appalling; as it was, 36,000 persons were killed 
on the island and adjacent coasts. 

The belts of marked volcanic activity coincide 
with those where earthquakes, often associated 
with volcanic eruptions, are frequent. Thus one, 
sometimes called the "ring of fire,’" encircles the 
Pacific Ocean; a second extends eastward from 
the Mediterranean through southern Asia and the 
East Indies into the West Indies. 

Volcanic eruptions are not only terrifying but 
enormously destructive, and productive of great 
changes in the environment. This is true not only 
for eruptions as we know them today but even 
more so for the great lava flows, of prehistoric 
though recent geological time, which issued from 
fissures many miles in length, burying everything 
beneath a mass of lava hundreds of feet in thick- 
ness. Such was the origin of the great lava pla- 
teaus of eastern Washington and adjacent areas 
in Oregon, Idaho, and northern California. From 
the disintegration of these lavas have originated 
the fertile soils of the wheat-growing areas of 
these states. Other flows of like character are 
known in northeastern Ireland, portions of Scot- 
land, and the Deccan of India, the extent of this 
last flow rivaling that of the Columbia plateaus. 

Floods. Flooi occur when water levels rise 
rapidly along a shoreline, at which time land, 
ordinarily exposed, may be inundated. Thus 
normal river floods are caused by an excessively 
rapid runoff which the river channel cannot ac- 
commodate, with the result that any bordering, 
low-lying areas may be covered by the excess 
water. This abnormal runoff may result from 
either prolonged or heavy rains, or from too 
rapid melting of accumulated snow cover, or 
even from a single torrential downpour or cloud- 
burst. In the case of river floods, therefore, the 
rise may be either sudden or gradual, sometimes 
involving a period weeks in length, but in either 
case the crest of the flood will be consideraWj 
above the normal river level. 


Klany destructive floods have occurred m the 
United States, particularly those resulting from 
the overflow of our great rivers, such as those 
of the Mississippi in 1927 and the Ohio in 1937. 
It should be remembered, however, that these 
irregularly recurring phenomena are not recent 
developments in river behavior, but that they 
have always been associated with rivers, some- 
times beneficently, as in the case of the Nile in 
Egypt. In fact, it is probable that the floods of 
recent years have been surpassed as regards both 
the amount of stream rise and the extent of the 
area flooded many times during the prehistoric 
past. 

In areas with poor natural drainage, where 
rivers have few and widely spaced tributaries, 
and numerous marshes, swamps, and lakes serve 
to store surplus water and feed it into the streams 
gradually, runoff is so regulated that stream fluc- 
tuations are inconsiderable and floods, properly 
speaking, do not occur. Again, in the case of 
rivers which flow in narrow, steepsided valleys, 
a rise of water in the normal channel does not 
cause flooding of important areas. Only where 
a river is bordered by wide belts of alluvium, 
extensive flat areas only slightly above normal 
stream stages, is it possible for the overflowed 
area to be extensive. 

In such cases, the effects of floods may be 
very important. During the rise of the water in 
flood stages, the stream erodes or wears away 
its banks and makes minor changes in its channel; 
or in extreme cases, as in the Hwang Ho in 
China, shifts its course for many miles. In the 
event that the stream constitutes the boundary 
between political subdivisions, either major or 
minor, such shifts may cause boundary disputes, 
some of which have been carried into the courts 
for settlement. 

During subsidence stages of a flood, stream 
velocity decreases and deposit of sediment or 
alluvium occurs. When this deposition is on the 
stream bottom, it may interfere with navigation, 
as well as with other uses of the river; when it 
occurs on the flat land bordering the stream 
course, it aggrades or builds up the plain. Inas- 
much as most of the deposit and the bulk of the 
coarse sediment is dropped on or close to the 
river banks, this results in the formation of a low 
embankment or natural levee, the highest portion 
of the overflowed plain, near the river. Thus floods 
are responsible for some of the topographic fea- 
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Fig. 38. Flood stage of the Pea River, a tributary of the Choctawhatchee, on the coastal plain of south- 
eastern Alabama at Elba, March 15, 1929 In this area, runoff after heavy or prolonged rains is very rapid. 
In the background, the river is confined between higher land and the rise is confined to the normal channel 
but, at Elba, the unprotected flat land on which the town is located is subject to overflow at such abnormally 
high river stages. ( Courtesy of the U. S. Weather Bureau ) 


tures and the resulting drainage of the flooded 
areas. 

Droughts. Droughts or excessively dry periods, 
which occur when precipitation drops to or be- 
low 75 per cent of the average, are infrequent 
and seldom of great length in well-watered re- 
gions, but west of the 100th meridian in the 
United States in the Great Plains Region they 
are so common and often so severe that they 
limit opportunity seriously and cause important 
changes in the environment. On the western 
range, the grasslands east of the Rockies, for 
example, there were from 1 to a maximum of 4 
to 5 drought years out of every 10 during the 35- 
year period ending in 1933. These droughts were 


so detrimental in their effects that there was a 
great exodus of population from the drier part of 
the region, the so-called "Dust Bowl.” This move- 
ment not only depopulated the dry area, but it 
also had important secondary effects far from 
the original home of the migrants, particularly 
in Cahfornia, 

These drier areas, where droughts are so fre- 
quent, originally had a native vegetation cover 
of short grasses of various species and supported 
enormous numbers of grazing animals, particu- 
larly bison or "buffalo.” Later, with the advent 
of white settlement, these were displaced by vast 
herds of cattle. With subsequent agricultural in- 
vasion early in the present century, the sod was 
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Fig. 39 The effects of several years of drought on a farm in Cimarron County, in northwestern Okla- 
homa, the west end of the ''handle’' of that state, in 1939. Though the house was still occupied at that date, 
it and all other buildings have since been wrecked to prevent their use by squatters and future attempts at 
agriculture during favorable years Eventually, this man-made waste will grass over and once more permit 
grazing of livestock. This is the use to which die area is best adapted, considering the limitations imposed 
by the climatic elements of the environment. (Courtesy of the U. S. Soil Conservation Service.) 


destroyed and crops were planted. This disturb- 
ance of the balance of nature produced no serious 
adverse effects while precipitation was above 
normal in amount, but during the drought years 
of the early 1930’s the soil dried out and strong 
winds caused it to drift. In extreme cases, the 
soil was removed completely from hmited areas; 
in many others, it was damaged irreparably. 
Everywhere in such dry areas grass reestablishes 
itself with great difficulty, so that it will require 
many years to restore them to something approxi- 
mating their former desirability. In such areas, 
therefore, drought, supplemented by man’s activi- 
ties, altered these dry grasslands in the direction 
of lesser desirability. 

Windstorms, Windstorms competent to pro- 
duce damage and change of importance are of 
two types: (1) the highly destructive, but for- 
tunately local storms known as "tornadoes”; and 
(2) the much more extensive and more impor- 
tant disturbances, tropical cyclones, known as 
"hurricanes” in the Atlantic and typhoons in 
the Pacific. 

Tornadoes occur during hot, sultry weather 
and are particularly prevalent in the Mississippi 
Valley. The exact date of greatest frequency 


varies with latitude: from early spring in the 
extreme south to midsummer and even later 
farther north. The greatest number normally oc- 
cur in May. 

Fortunately, the path of a tornado, along which 
wind velocities may reach 200 miles or more an 
hour, is very narrow and, generally trending in 
an easterly-westerly direction, is only a few miles 
in length. This path, however, is one of great 
destruction. If it passes through a forest, a clean 
swath with sharp, clearly defined boundaries is 
cut through the standing timber. Within this 
narrow strip, where maximum damage occurs, 
trees are twisted off as though they had been 
grasped by a giant hand; houses are demohshed 
by the force of the wind or "exploded” by air 
pressure from within, as the partial vacuum of 
the vortex of the storm passes. 

When the path of a tornado traverses a thickly 
settled area, loss of Hfe may be considerable and 
property damage great. During the Lorain, Ohio, 
storm of June 28, 1924, for example, 75 persons 
were killed, many more were injured, and ma- 
terial losses probably exceeded $11,000,000. This 
amount is equal to the total normal annual loss 
for tornadoes for the entire country. Similarly, 
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Fig. 40. A tornado-cloud and funnel at Hardtner, 
Kansas, June 22, 1939. The tornado presents much 
the appearance of a gigantic dust whirl, the funnel 
which is characteristic of all such storms being the 
vortex toward which the winds blow. Tornadoes 
ordinarily travel in an easterly direction, with im- 
portant damage confined to the narrow path de- 
scribed by the tip of the funnel as it travels across 
the land surface (Courtesy of the U. S. Weather 
Bureau. ) 

100 persons were injured, though there was no 
loss of life, in the Cleveland, Ohio, tornado of 
April 27, 1943, which caused great destruction 
along its 300-foot wide path, 14 miles in length, 
through built-up portions of the city. 


Hurricanes, though aiffecting the United States 
only along the Gulf and Atlantic coasts, and there 
with relative infrequency, are much more destruc- 
tive than tornadoes because they are less localized 
m their effects. In the Caribbean and off south- 
eastern Asia, however, such storms occur so regu- 
larly that they are accepted as a matter of course. 
Only when one departs from its normal path 
and ravages the coasts of the United States does 
it attract much attention in this country. 

In these storms, winds reach a velocity of 125 
miles or more an hour. This is sufficient to demo- 
lish all except the most substantially constructed 
buildings. It has been estimated that, if the 
energy of such a storm could be harnessed, 
enough power would be developed to meet the 
needs of the entire world for several years. Such 
an enormous amount of energy is obviously ca- 
pable of producing great destruction. Part of the 
damage is produced only indirectly by the wind, 
for it is caused by '‘floods,” or the piling up of 
water on low-lying shores and flooding of the 
coasts. Accompanying rainfall is also usually very 
heavy. This causes floods in the rivers, destroys 
roads, irrigation works, and railroads; and pro- 
duces serious soil erosion, even on gentle slopes. 

The most destructive hurricanes to affect the 
coasts of this country within recent years have 
been the Galveston disaster of September 1900, 
accompanied by a loss of 6000 lives, largely by 
flooding of the sand bar on which Galveston is 
located; the Miami hurricane of September 1926; 
and the New England hurricane of September 
1938. In this last storm, as in the case of the 
Galveston flood, most of the loss of life occurred 
on low-lying, inundated shores. Even downtown 
Providence, Rhode Island, was submerged. Di- 
rect damage by the wind, which reached velo- 
cities of 90 to 95 miles an hour, was likewise 
great. Giant elms which afforded the major at- 
traction of the streets and commons of many 
New England towns were uprooted or snapped 
off, destroying this beauty. A very large part 
of southern New England's trees were lost in this 
manner. Forests were converted into tangles of 
down timber which, unless salvaged, were a total 
loss, as well as an enormous fire hazard. The total 
property loss is estimated to have been $350,- 
000,000. In the entire history of this country, 
only one other natural disaster, the San Francisco 
earthquake, produced a comparable amount of 
damage. The fact that this storm did not strike 
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Fig. 41. Tornado damage at Murphysboro, southern Illinois, March 18, 1925 Buildings in the fore- 
ground, in the path of the tornado, have been leveled, in the extreme background, to one side of the tornado 
path, little damage is evident. ( Courtesy of the U. S. Weather Bureau ) 


Now York City was fortunate. It has been pre- 
dicted that, if a severe hurricane should strike 
that city at flood or high tide, and at a fairly high 
water stage of the Hudson River, the resultant 
inundation would drown thousands as the water 
poured into the subways, quite apart from loss 
of life from other causes. Fortunately, the possi- 
bility of such a combination of conditions is 
slight. However, the New York area is not free 
from danger of such storms. The hurricane of 
September, 1944, for example, though less severe 
than that of 1938, caused a loss of 27 lives and 
property damage estimated at $50,000,000, in 
northern New Jersey, Long Island, and adjacent 
areas, including New York City, with the loss 
particularly heavy in Atlantic City. 

Though we hear less of them, the typhoons of 
the Orient are even more disastrous than our 
hurricanes, because they affect areas with ex- 
tremely dense populations, both on the contment 


and on the bordering islands as far north as 
southern Japan. On the small low-lying islands 
in the South Pacific, often only a few feet above 
normal sea level, great waves may drown their 
entire areas, destroying practically all life and 
much property. 

One of these storms, accompanied by 12 inches 
of rain, which flattened crops and produced floods 
in the rivers, occurred near Calcutta, India, in 
October, 1942. Winds were so strong that they 
caused waves 15 feet in height to pile up water 
which inundated the shoies along 40 miles of 
coastline. In all, 11,000 persons lost their lives, 
10,000 by drowning; and 200,000 more were 
made homeless in the 1,000 square miles of terri- 
tory affected by the storm. Such losses of hie 
and property are typical in densely populated 
Oriental areas at times of typhoons. 

Fires, Long before man knew how to kindle 
a fire, in fact before his advent on earth, fires of 




Fig 42. A Worcester, Massachusetts, street, after the New England hurricane of September, 1938. In 
addition to damage to buildings, giant elms were uprooted or broken off, thus destroying the beauty of the 
formerly well-shaded streets This hurricane was one of the great natural disasters to occur m tins country 
during the past 100 years. (Photo by J. W. Nystrom, Courtesy of R. M. Brown.) 

natural origin must have ravaged extensive areas. Fires set by lightning are equally as disastrous 
The big trees of California and the spruce of as those resulting from other causes and often 

Colorado bear scars in their hearts, some dating much harder to bring under control, for they 

back as far as 245 A.D., mute testimony to the may start in inaccessible areas, far off any beaten 

existence of forest fires long before the discovery trail. When they rage during a protracted period 

of America, and many others which have left no of dry weather and low relative humidity, they 

such record must have occurred in the still more may devastate many square miles of timber, con- 

1 emote past. Even today, these fires set by light- verting an attractive forest wilderness into a 

ning are much more numerous and important waste of blackened stubs and bare rock, in addi- 

than is commonly supposed, for they comprise tion to taking a toll of life, both wild and human, 

between 7 and 8 per cent, and in the mountainous and causing enormous economic loss, 
legions of the western United States, as high as Plants and Animals. Each species of plant and 
50 per cent of all forest fires. Such fires cannot animal hfe living under natural conditions must 
be prevented, only controlled when once started; engage in a continuous struggle with other forms 

to prevent those of other origins an intensive of animate existence, from which only the fit 

campaign has been carried on to make the gen- elements survive. Grazing animals, for example, 

eral public conscious of the fire hazard in our can hve only at the expense of plants, each species 

forests during the dry season. depending on certain elements of the native 
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Fig. 43. Damage by the hurricane of September 14, 1944. On Seaside Avenue, Atlantic City, New 
Jersey. Part of the destruction may have been produced directly by the wind, but most of it resulted from 
water piled up on the low-lying shores which flooded the streets and wrecked the houses. ( Courtesy of the 
U. S. Weatlier Bureau. ) 


vegetation for food supply. Thus these kinds of 
plants are kept in check, but eventually a balance 
IS attained between the plants, the herbivorous 
animals dependent on them, and the carnivora 
which prey on other animal life. So long as con- 
ditions remain static, this adjustment between 
life forms of the natural environment is main- 
tained, but when disturbed, as it is ceaselessly 
under natural conditions, a chain of events is set 
in motion which operates until a temporary bal- 
ance once more exists. 

Not only do animals which live on the surface 
and feed on surface vegetation and other forms 
of life alter the natural environment, but the same 
is true for the burrowing animals which spend 
much of their life underground. The most notable 
of these in intermediate latitudes is the earth- 
worm, the results of whose work may be observed 


as irregularities on all lawns beneath the surface 
of which he lives in any considerable numbers. 
In his burrowing, he passes material through his 
body, thus altering it; and he hkewise brmgs 
material from below to the surface, where it is 
incorporated in the mixture of organic and min- 
eral matter which constitutes the soil. In fertile 
garden soil, where earthworms exist in great 
numbers, their work is very important. Not only 
do their activities affect the soil directly, but 
their burrows afford entrance for water, thus in- 
creasing both the rapidity and depth of chemical 
weathering. In the tropics, the ant occupies a 
position analagous to that of the earthworm in 
the higher latitudes in producing change in the 
soil. 

The past has witnessed many alterations in 
the floral and faunal components of the natural 
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Fig. 44. After the Blackwater fire m the Shoshone 
National Forest, northwestern Wyoming, August, 
1937. This fire started when an alpine fir was struck 
by lightning on August 18, 1937. In all, 1254 acres 
or nearly 2 square miles of timber were destroyed be- 
fore the fire was brought under control and fifteen 
fire fighters, trapped in Rock Gulch above, lost their 
lives Their water cans and other equipment can 
be seen m the foreground. (Courtesy of tlie U. S. 
Forest Service.) 


environment of any given region, together with 
accompanying changes in other regional aspects, 
for the flora and fauna of any region at a given 
date are the end product of a ceaseless struggle 
of life, plant and animal, for a place in the sun. 
Since the arrival of man on the scene, this change 
has occurred at a greatly accelerated rate. In- 
troduced species of both plants and animals have 
many times crowded out former important ele- 
ments of the native flora and fauna to the extent 
that conditions today are markedly different from 
those of an earlier period. 

Other Agencies Producing Change. In the pre- 
ceding discussion of the effects of natural agencies 
in causing environmental change, only those 
which produce readily observable alteration 
within relatively short periods of time have been 
considered. However, it should be realized that 
others as well, working over longer periods of 
time, are of great importance. Among these may 
be mentioned the agencies of weathering, which 
cause the solid rocks to crumble; those of erosion: 
wind, water, ice, and others, which wear away 
the land surface and modify the topography; and 
climatic changes, which over long periods of 
time cause great alteration in the landscape. 
Further, in this chapter, only natural agencies 
have been discussed, except incidentally, the re- 
sults of human activities will be considered in 
chapters which follow. However, it is obvious 
that change is the rule in the environment of any 
area, and that we thus live in a continuously 
evolving world. 

Since both the natural and cultural environ- 
ments are subject to continuous changes which 
alter opportunity, both actual and relative, all 
realistic and effective areal planning must be 
based on both present conditions and future pos- 
sibilities in order to ensure sufficient flexibility to 
permit of gradual but considerable change over 
relatively short periods of time without entailing 
the probability of substantial loss. 


QUESTIONS AND EXERCISES 


1. What changes have occurred in the environment 
of your home state during the past century? 
Have they been for the better or the worse? In 
what respects? 

2. What natural agencies producing environmental 
change operate too slowly to be materially effec- 
tive during a human lifetime? 


3. What are the two causes of earthquakes? Which 
type produces more widespread environmental 
change? Locate the two great belts of earth- 
quake activity. Report on some of the great 
earthquakes of historic times, including those of 
the United States. What environmental changes 
have they produced? 



ENVIRONMENTAL CHANGE 

4. What causes a volcanic eruption^ State the two 
types of eruption and the effects of the type on 
the shape of the volcanic cone What is the re- 
lation of the eartliquake belts to tliose of great 
volcanic activity^ To what extent and in what 
ways do volcanic eruptions modify the natural 
environment? 

5. What was the origin of the lava plateaus of the 
Pacific Northwest^^ How did the eruptions which 
produced these plateaus differ from those of the 
present day^ Of what economic significance are 
these lava flows in the areas of their occurrence? 

6. What are the causes of river floods^ Will the 
rise of great rivers be rapid or slow^ Why^ What 
are some of the detrimental effects of river 
floods^ Are any of the effects ever beneficial, and 
if so, in what respect? In what parts of the 
United States are river floods unimportant? 
Why^ 

7. During what stage of a river flood does deposi- 
tion of sediment occur? Why? What is a nat- 
ural leveei^ Wliere is it located and how is it 
formed? Report on the former courses of tlie 
Hwang Ho. Where does it empty into the ocean 
at present? 

8. Why are trees 'ffwisted off” by a tornado^ Why 
will air pressure ''explode” houses in the vortex 
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of a tornado? What is the wind \ elocity associ- 
ated with tornadoes? W^th hurricanes and ty- 
phoons? 

9. Where are hurricanes and typhoons particularly 
prevalent? How do they produce damage to 
property and loss of life^ Why are tlie typhoons 
of the Pacific particularly destructne and ac- 
companied by great loss of life in many in- 
stances'^ Why so destructu’e on the low-lying 
islands of the Pacific? Which was the most dis- 
astrous hurricane of those which ha\e affected 
the United States^ Describe the damage it pro- 
duced. 

10. Why are forest fires set by lightning often veiy 
difficult to bring under control? In w^hat part of 
the United States are such fires especially im- 
portant? Why? What en\ ironmental changes do 
tliey produce? 

11. Report on the work of the earthworm in inter- 
mediate latitudes, and that of the ant in the 
tropics, in modifying the natural en\ironnienl. 

12. Explain how life exists only as the result of a 
continuous struggle, and why permanent bal- 
ance is ne\'er attained. How does this affect re- 
gional planning? Why is it proper to speak of 
present environmental conditions as an "end 
product”? 
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Chapter Eight 

THE CHANGING ENVIRONMENT: 
HUMAN AGENCIES PRODUCING CHANGE- 
DEFORESTATION, FIRES, AND DRAINAGE 


Man and Environment. The spread of man is 
not prevented, but only hampered, by climatic 
and other environmental barriers which restrict 
the natural range of plants and animals. There- 
fore his activities and their possibihties for pro- 
ducing change extend to practically all parts of 
the land surface of the earth. Further, he cannot 
occupy any area, no matter what his method of 
obtaining a hvelihood may be, without altering 
it. Even the most primitive of hunting or pastoral 
populations modify the environment by destroy- 
ing, either partly or completely, certain elements 
of the fauna and flora. This upsets a balance 
achieved over a long period of time and sets in 
motion forces over which man has no control. 

As man’s economic activities increase in num- 
ber and complexity, their effect becomes ever 
more pronounced, and the landscape is altered 
even more extensively. Unfortunately, not only 
does man modify any area he occupies, but he 
frequently modifies it in the direction of lesser 
desirability and therefore to his detriment. In 
certain portions of the Great Plains of the United 
States, for example, attempted use of the land 
for agriculture, where natural conditions were 
favorable for grazing but not for the production 
of crops, resulted in the destruction of thousands 
of square miles of good range but not in the 
establishment of remunerative farming. Of such 
regions, it is said, and correctly, that '‘the desert 
is on the march.” In this case, the desert is man 
made; its advance into contiguous areas still in 
attempted agricultural use is the result of mans 
activities. Human activities therefore affect the 
natural as well as the cultural environment. 

The principal means by which man causes 
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change in the physical environment and ac- 
companying alteration of the cultural landscape 
are as follows: (I) deforestation, (2) files, (3) 
artificial drainage, (4) grazing, (5) extractive 
industries such as mining, (6) iriigation, and 
(7) normal agriculture. The first three of these 
agencies will be considered in this chapter, the 
others, in the two which follow. 

Deforestation. As a result of cutting and de- 
struction by other agencies, our original forest 
cover of nearly 900,000,000 acres has been de- 
creased to approximately two-thirds its former 
extent, with the bulk of the loss in the eastern 
half of the country. Of the existing remnant, only 
one-thud has a stand of saw timber, and much of 
that IS inferior second growth. Today our only 
remaining virgin stands in the East are confined 
to inaccessible localities. In many parts of the 
East, indeed, all the remaining timber is in farm 
woodland. Though the foiests of the South still 
contain much merchantable timber, it is only on 
the Pacific coast that depletion is not serious. 
Even there, much that remains is not commer- 
cially exploitable because of inaccessibility; all is 
far from the principal markets, and cutting pro- 
ceeds at a rapid rate. This has been particularly 
true during the past few years. In fact, the de- 
mands imposed by war have been so heavy that 
certain types of timber will not be available in 
the future in sufficient quantity to satisfy peace- 
time demands. 

The virgin forests, which have been depleted 
so recklessly and to the detriment of the country 
as a whole, included a large number of useful 
species, probably surpassed in no equal area or 
country in the world. Under such conditions, it is 
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I ORIGINAL TIMBER REGIONS 
OF THE UNITED STATES 
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Fig. 45. Original timber regions of tlie United States, of which the eastern forests formed 83 per 
cent, and the western, 17 per cent of the total. Though the East still has 75 per cent of the total forest land, 
most of the remaining saw timber is in the West. (Courtesy of the U. S. Forest Service.) 


not remarkable that our per capita consumption 
of wood has always been greater than that of 
other countries. Even today, though only a rem- 
nant of our forest inheritance remains, our re- 
source is still envied by the world. 

The early destruction of the forest in our 
predominantly agricultural areas east of the 
Mississippi River resulted in major part from 
clearing for agricultural use. The forest was re- 
garded only as an obstacle to bringing the land 
into production, not as an asset, and it was de- 
stroyed without attempt to use or market any 
considerable part of the timber. Valuable woods 
were so abundant that in some sections black 
walnut was often used for fence rails, and for 
building the log houses of the pioneers. Only in 
portions of the South and of the Lake States, 
and today on the Pacific coast^ has commercial 


lumbering always been the effective factor in 
forest removal, though for several decades cut- 
tmg has everywhere been confined largely to an 
attempt to satisfy the demand for lumber and 
other forest products. 

The earlier popular behef that destruction of 
the forest afforded no cause for alarm was based 
on several erroneous assumptions. One was that 
the supply of timber was inexhaustible. Another 
was that, with removal of the forest, the cutover 
land would pass into more profitable agricultural 
use. Though time and experience have proved 
conclusively that this is not always the case, the 
belief expressed by the statement, “We have got- 
ten out of the forest and we do not propose to 
return,” voices a point of view and a belief which 
still persists and finds expression all too frequently 
in many recently cutover areas. 





Fig. 47 A virgin stand of hardwoods in North Carolina. Preserved by inaccessibility. (Courtesy of 
the U. S. Forest Service.) 
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Among other factors which contributed to 
rapid depletion of our forest resoui'ce was the 
fact that low prices for valuable timber stimu- 
lated consumption, which accelerated production 
and encouraged waste in both lumbering opera- 
tions and use of lumber. Too rapid cutting was 
also forced in many areas by confiscatory taxa- 
tion of privately held land, which compelled 
marketing of the timber as the only alternative to 
total loss. With partial exhaustion of our forest 
resource has come the realization that we have 
squandered a considerable part of our patrimony 
and altered the environment to our detriment. 
This is brought home by the increasing cost of 
lumber, use of inferior woods, decreases in sizes 
of stock dimensions m lumber, and the numerous 
substitutes which find a ready market today. 

Destruction of the forest has effects which are 
in the aggregate probably more serious than 
higher prices and a shortage of lumber and other 
forest products. With exhaustion of saw timber 
or pulpwood supply, the basis for support of en- 
tire communities disappears; tax delinquency in- 
creases; political units become bankrupt and a 



Fig. 48. Cutover land in Menominee County in 
the Upper Peninsula ot jMichigan, in tlie process^ of 
being prepared for agricultural use A discouraging 
undertaking rendered doubly so by the fact that, 
even after clearing, the land is of low agricultural 
desirability. 

habihty to the state in which they are located. In 
certain counties of the cutover area of northern 
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Minnesota. AnTsl^dtl Smf 

the foreground can be used only for pasture. 



Fig. 50 The Spud Hill fire in the Columbia National Forest, Washington, August 5, 1937 In this view, 
an active fire is making progress against a strong west wind In the foreground, young growth is making its 
appearance among the blackened stubs left by an earlier fire (Courtesy of the U. S. Forest Service ) 


Minnesota, for example, the total tax delinquency 
equals or even exceeds the assessed valuations, 
a very disturbing condition. 

With removal of the forest cover, precipitation 
efficiency, though not the amount, decreases; the 
more rapid runoflf causes soil erosion, increases 
flood danger, and interferes with use of the 
streams for all purposes: navigation, power de- 
velopment, irrigation, and others. Scenic attrac- 
tiveness disappears and wild hfe is affected ad- 
versely; in extreme cases, the area becomes a 
waste with an economic value approximating 
zero. 

These facts are now quite generally recognized, 
and with such recognition the general public has 
at last become aware of the desirabihty of res- 
toration of the environments of many of these 
formerly forested areas to their former condition, 
insofar as that may be a possibility. Thus plan- 
ning for land use, that is, formulation of recom- 
mendations for its most effective utilization under 
present conditions, almost invariably contem- 
plates restoration of the forest cover in those areas 


where growth of a tree crop represents the most 
effective use of the land. 

Fires. In addition to fires started by lightning,, 
others set by man, 92 4 per cent of all, each year 
ravage an area in the United States larger than 
that of New England. Of these fires in protected 
areas, for which we have data as to causes, nearly 
27 per cent are of incendiary origin; over 26 per 
cent are caused by smokers, burning of debris and 
lumbering account for nearly 16 per cent; camp- 
ers cause slightly more than 7 per cent. The 
others, resulting from railroads, miscellaneous, 
and unknown causes, account for a trifle more 
than 22 per cent. 

Most incendiary fires are set by individuals who 
expect to profit personally by securing employ^ 
ment in fire fighting, or from improvement of 
woodland pasturage. Fires caused by smokers 
and campers are particularly prevalent in the 
eastern half of the country, where the number of 
tourists, attracted by our increasingly accessible 
forest area but ignorant of the fire hazard their 
coming introduces, swells year by year. Fires re- 
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suiting from the two preceding causes, the most 
important, and accounting for over 50 per cent 
of all fires caused by man, plus others set by the 
burning of brush, railroads, and a number of mis- 
cellaneous agencies, are preventable in large part, 
and their prevention would be in the pubhc 
interest. 

In all, there are well over 150,000 reported 
forest fires each year. Of these, 75 per cent are m 
the South, where many are set deliberately with 
a view to improving the pastures. Many of the 
fires reported are small, but in the aggregate they 
burn over 6 per cent of the total forest area each 
year, though, fortunately, many of these fires run 
in previously burned-over tracts. 

The list of important forest fires in the United 
States is so long that only a few can be men- 
tioned specifically. The Peshtigo fire of October, 
1871, in Wisconsin, one of the most disastrous of 
them all, burned 1,280,000 acres, and 1500 per- 
sons lost their lives. The Hinckley fire of Septem- 
ber, 1894, m Minnesota, devastated millions of 
acres, burned 160,000 acres of forest, wiped out 
12 towns, and cost 418 lives. Smoke was so dense 
as to interfere with navigation on the Great Lakes. 
The Cloquet fire of October, 1918, also in Min- 
nesota, destroyed Cloquet, a sawmill town with a 
population of approximately 10,000, and entailed 
a property loss of $30,000,000. This fire even 
threatened Duluth. In all, more than 400 persons 
perished in Cloquet and the surrounding area. 
The Wilson River fire of August, 1933, in Oregon, 
fanned by a strong wind, burned 267,000 acres 
of standing timber, two-thirds virgin forest, dur- 
ing the 11 days it raged. The amount of timber 
destroyed by this fire equaled the entire cut for 
the United States m 1932. Stumpage loss alone 
was $20,000,000, the total loss was $350,000,000. 
Smoke was so dense that Lights were burned at 
midday, and ashes fell to a depth of 2 inches in 
the coast towns at the time of the fire. During the 
dry fall of 1947, many man-set fires ravaged the 
forests of northeastern United States, particularly 
in New England, where it was necessary to evacu- 
ate the inhabitants of several communities, in- 
cluding those of the resort town of Bar Harbor, 
Maine, to prevent loss of life. 

In addition to fires in our forests proper, others 
take their yearly toll, as in the Everglades of 
southern Florida during March and April of 1939. 
This fire devastated more than 1,000,000 acres of 
swamp and sawgrass. In places, it burned 3 feet 


deep in the muck soils, which are composed 
largely of organic material. Smoke was so dense 
that travel was lendered dangerous. Most of the 
wild hfe was destroyed, and a previously attrac- 
tive wilderness was converted into a waste, to 
the detiiment of man. 

Forest fires affect everyone, either directly or 
indirectly, for they destroy merchantable timber 
and change the character of the wild hfe, both 
plant and animal, detrimentally. This decreases 
the national wealth. In areas where they have run 
repeatedly, they have hkewise ruined the soil, 
rendeimg such regions almost totally unproduc- 
tive and an economic habihty By their effects 
on vegetation cover, and often on the soil as well, 
they increase rapidity of runoff. This facilitates 
soil erosion, increases stream fluctuations, and 
decreases the value of rivers for all uses Locally, 
they may be ranked with natural catastrophes 
such as volcanic eruptions, for they take a toll of 
both hfe and property, the total of which may 
equal or even exceed that levied by volcanic 
activity. 

Drainage, !Man has, both individually and in 
cooperation with others, imtiated drainage proj- 
ects in many parts of the world to remove surplus 
water from both wet and overflowed land. This 
has been done in the belief that an increase of 
agricultural acreage capable of effective use 
would be profitable for the individual and socially 
desirable for the community. In certain areas, this 
drainage has accompanied existing agricultural 
use of the land as a means of increasing produc- 
tion, in others, drainage has been inaugurated 
in advance of and to tempt agricultural occupa- 
tion which has not always followed. In either case, 
such drainage has modified the physical environ- 
ment, sometimes very materially. 

In certain parts of the world such as the 
Netherlands, where approximately 40 per cent 
of the land up to quite recently in production is 
low-lymg, and 25 per cent or more is actually be- 
low sea level at high tide, drainage is extensive, 
and large areas of wet and submerged land have 
been reclaimed for agricultural use. Even shallow 
seas such as the Zuider Zee have been diked and 
drained by pumping, and their former bottoms 
brought under the plow. This extensive reclama- 
tion of wet land has been made necessary by the 
fact that pressure of population on the land is 
great in the Netherlands, where approximately 
9,000,000 people live in an area only about 28 




Fig. 51. Part of the former bottom of the Zmder Zee has already been reclaimed by diking and 
pumping, the some 270 square miles of the northwest and northeast polders now being in effective 
agricultural use Eventually, with reclamation of the other two polders, the southwest and southeast, 
nearly 530 additional square miles of former sea bottom will be added to the productive area of the 
Netherlands. Yssel Lake, the shrunken remnant of the formerly more extensive, shallow Zuider Zee, will 
then cover only about 1,350 square miles and will be left to serve fishing and trade interests. The water 
of this lake is now fresh, for the sea is cut off and local drainage has diluted and removed the salt water 
over the sluices which supply outlets for surplus water. Therefore it is of considerable value for irriga- 
tion in dry seasons, and for watering livestock at all times. 
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per cent greater than that of Maryland, which 
had a population of 1,821,244 in 1940. 

The Dutch have waged a long and successful 
war with both the sea and their rivers. Dikes have 
been built to restrain the sea, river flow has been 
confined between levees; old channels and ponds 
have been filled; and canals have been built to 
carry off surplus water. Since so much of the 
present land surface is below sea level, surface 
water must often be removed by pumping into 
these canals, which are above the level of the 
cultivated fields. Where the reclaimed land is 
former sea bottom, it is also necessary to rid the 
soil of salt before it is capable of effective agri- 


cultural production. Even after all this has been 
done,, many of the fields are so soft that pasturage 
of cattle is impracticable, and special methods 
of cultivation must be employed. 

The drainage system of the Netherlands is both 
extensive and complex. Initially constructed and 
operated by associations of local landowners, the 
government has of late years assumed a large 
measure of control. This is because of the great 
importance of reclamation of wet land in the 
economic life of the country. The activities of the 
Dutch in the reclamation of wet land have obvi- 
ously modified both the natural and cultural en- 
vironments in the direction of greater desirabil- 



Fig. 52. The greatest dike m the Netherlands, started m 1924 and completed in 1932, extends m an 
easterly direction from Wiermgen, closing the entrance to the Zuider Zee. By construction of the additional 
dikes shown in Fig. 51, and by pumping, some half million acres of former sea bottom have been reclaimed 
The remnant of the formerly more extensive Zuider Zee is known as ‘‘Yssel Lake.” In this view, the level of the 
water of the North Sea at the left stands 15 feet higher than m Yssel Lake at the right, so that the reclaimed 
land could be easily flooded by opening the dikes. The main dike shown above, with a bicycle patli at 
the left and a brick-edged road to its right, serves as a highway, in addition to keeping out the sea. ( Courtesy 
of Life Magazine , ) 
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Fig. 53. A typical agricultural landscape showing prewar use of the former bottom of the Zuider Zee in 
the Wieringenmeer, or the northeast polder shown in Fig 51. In some of the fields, crops are still ripening; 
in others, the gram has been cut ond shocked. In the central part of the view, farm buildings are grouped 
on the slopes of one of tlie dikes, where drainage is better and the farmyards will be relatively dry. Two 
dikes cross the area at right angles to one another. These serve as highways and also to enclose the fields, 
so that cattle may be pastured if desired, short temporary fences set on the bridges across the canals com- 
pleting tlie pasture fence on the dike side. The main dike protecting this polder was breached by the Ger- 
mans on April 17, 1945, but by August 5 of the same year, repairs had been effected, and crops were 
harvested in 1946. ( Courtesy of the Netherlands Information Bureau. ) 


ity. Unfortunately, many of the dikes were cut 
and the work of years destroyed durmg the period 
of German occupation. This undesirable modifi- 
cation of the environment worked a great hard- 
ship on the inhabitants, particularly in the inun- 
dated regions. To restore the fields flooded in this 
manner to their former productive capacity will 
require much work and sometimes several years. 
However, the damage done is not irreparable and 
in time the landscape will once more assume its 
former appearance and capacity to support popu- 
lation. 

In the United States the land drained, or need- 
ing drainage before it can be used for growing 
crops effectively, falls into three major classes: 
(1) alluvial or river swamps, particularly those 
of the larger rivers such as the Mississippi and its 
principal tributaries, (2) poorly drained areas in 
the glaciated portions of northeastern United 
States, sometimes flat tracts with poor natural 
drainage, and, in other cases, depressions without 
natural outlets; and (3) coastal swamps and wet 


lands of the Atlantic and Pacific seaboards and 
the Gulf Coast, many of them tidal or salt 
marshes. In addition to these major classes of 
drained land and wet land needing drainage 
before it can be used to advantage for crop pro- 
duction, irrigation often brings in its train a 
drainage problem in the ‘‘seeped” lands which 
result from the application of irrigation water, 
and in the alkaline lands normally present in arid 
land under ditch. Adequate artificial drainage of 
such lands is difficult, expensive, and in many 
cases economically impossible. In 1940, the acre- 
age so drained amounted to only about 4 per cent 
of the total area in all operating drainage projects 
reported by the census. 

In the United States, the acreage of fertile land 
ready for agricultural use without expensive 
drainage has been sufficient to meet demands in 
the past. Hence there has been np necessity £oi 
bringing the bottoms of shallow seaiinto produc 
tion, as in the Netherlands. Quite recently, in- 
deed, we were even withdrawing formerly cuh 




Fig. 54. Drainage in the Upper Mississippi Valley is in glaciated areas with immature or poorly de- 
veloped river systems, in the Lower Mississippi Valley, in alluvial deposits, or those of the flat land bordering 
the rivers In southern Florida, the soils made available for use are mucks, or tlie organic soils of the Ever- 
glades. West of the 100th meridian, drainage is largely in connection with irrigation. (After tlie U. S. Census.) 


tivated fields from use to avoid a surplus of 
agricultural products, and it may well be that 
this will occur again in the future. Under such 
conditions, drainage in this country has normally 
been limited to those areas where the cost of 
removal of excess water was not great, and where 
climate, soils, and accessibility to market indi- 
cated the probability of success for agriculture. 

The land in the United States which needs 
drainage before it can be used effectively for crop 
production is concentrated in two principal areas: 
(1) the South, with 65 per cent of the total; 
and (2) the Lake States, with 55 per cent of the 
balance. The lemamder is widely scattered in 
location. 

At first, reclamation of wet land was by indi- 
viduals; the units drained were small; and the 
cost per acre was not great. Eventually, most 
of the small projects which promised a profit 
were developed, and the cooperation of groups. 


and even of political subdivisions, became neces- 
sary for effective drainage of larger units of land. 
Such cooperative drainage was especially rapid 
between 1905 and 1919. This rapid increase in 
reclamation of wet land resulted from increased 
prices for farm land and high prices for agricul- 
tural products, especially during the later part of 
the period. In the preparation and use of this vast 
acreage, almost equal in extent to the combined 
areas of Ilhnois, Indiana, and Ohio, the two- 
thirds of the area in forest were cleared, thus 
altermg environmental conditions materially, not 
only as a result of lowering the ground water 
level by ditches but by deforestation as well. 

Sometimes the environmental changes pro- 
duced by drainage of wet or overflowed land are, 
in their total, to man's advantage. This is true 
when the drained land passes into profitable agri- 
cultural use, as is frequently the case, especially 
where drainage is undertaken in connection with 
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going farm enterprises which already yield mod- 
erate or satisfactory returns. All too often, how- 
ever, reclamation of our marshes and swamps has 
been undertaken in the past at an expense not 
commensurate with any present or probable 
future returns from agricultural use, and, often 
as well, far m advance of any need of the land for 
agriculture. This is especially true of those cases 
of drainage of the wet lands of the higher lati- 
tudes in glaciated areas where peat soils, climatic 
hazards, and distance from market all combine 
to eliminate any possible profitable use of the 
drained area. 

Irrespective of whether desirable or otherwise, 
ground water level is always lowered by artificial 
drainage, for that is its objective. With depression 
of the water table, low water stages of the rivers 
become even lower, and their desirability for a 
long list of uses is decreased. Lake levels are like- 
wise lowered, shallow lakes may even disappear 
completely. This may be of considerable impor- 
tance where lakes afford resort possibihties. 

As a consequence of these effects on water 
levels, wild hfe dependent on our marshes, lakes, 
and streams for food supply and breeding grounds 
disappears. It is estimated, for example, that the 
breeding grounds for waterfowl in the Upper 
Mississippi Valley and the Lake States do not 
today exceed 1 per cent of their original extent, 
this decrease of 99 per cent being almost entirely 
the result of artificial drainage. Areas which 
formerly swarmed with almost countless numbers 


of waterfowl now have few or none as a result of 
man’s activities. Not only have the breeding 
places been destroyed, but increased flood dan- 
ger, resulting from the more rapid runoff ensured 
by man-made drainage lines, creates a hazard 
for fish, shellfish, and the wild hfe of the over- 
flowed bottomlands. Sacrifice of our wild life 
entails an enormous environmental change, both 
directly and indirectly, as well as an important 
financial loss. With drainage of marshes and 
swamps, their organic soils dry out during pro- 
tracted periods of dry weather. In this condition, 
they will burn when ignited, which occurs not in- 
frequently. Such fires may run for years, dying 
down during wet weather, blazing up when the 
soil dries out. Then, fanned by strong winds, they 
often spread to adjacent forested upland areas. 

From the foregoing consideration, it is obvi- 
ous that each contemplated drainage project 
should be judged on its individual merits, since 
there is no other logical method of reaching a 
decision as to whether a given area should be 
drained other than to consider conditions in the 
area for which drainage is contemplated. In the 
past, however, it has all too frequently been true 
that the detrimental effects have not been ac- 
corded the importance they deserved. Today, 
therefore, we are taking steps to rectify the mis- 
takes of the past by spending money to create 
artificially what we have in the past spent money 
to destroy: marshes, swamps, and lakes supplied 
by nature without cost. 


QUESTIONS AND EXERCISES 


1. How does man differ from the animals with re- 
spect to limitations imposed by the environment'^ 
How effective is man in altering the natural en- 
vironment by comparison witli the animals? 
Why? Is his effectiveness increasing or decreas- 
ing^ Why? Name the human activities effectmg 
environmental change. 

2. How does our present forest compare with the 
original resource'^ What types of forest and 
what kinds of trees compose our forest re- 
source^ What effect has this had on our con- 
sumption of forest products? 

3. Why was the forest originally considered only 
as an obstacle to agricultural use of the land? 
How have economic conditions forced reckless 
exploitation of the forest resource? How can 
taxation force unwise cutting of timber? 

4. What substitutes are now taking the place of 
wood for certain uses? Why does tax dehn- 


quency increase in an area with exhaustion of 
the forest resource in many parts of the United 
States? How can this be prevented? 

5. What are the most common causes of forest 
fires and what is the relative importance of 
each? Why are incendiary fires of such common 
occurrence? What are the objectives in setting 
such fires? 

6. Under what conditions do forest fires assume 
serious proportions? Why are forest fires most 
common in the South? 

7. Where are the Everglades? Why are the soils of 
this area mucks? Why will they burn? What are 
the most important of the effects of forest and 
swamp fires? 

8 Describe some of the great forest fires of the 
United States. What losses did each cause? If 
possible, report on one of these fires, or one ot 
equal importance, in some detail. 
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9. In what European country is artificial drainage 
very extensive? Why has this been necessary? 
In what respects is this drainage different from 
that practiced in the United States^ How does 
the drained land of this European country com- 
pare m productivity with that of near-by, im- 
drained areas? 

10. What are some of the handicaps to use of tiie 
land reclaimed by draining such shallow seas as 
the Zuider Zee? How is the surplus water re- 
moved from such reclaimed land^ 

11. Name the three major classes of land drained m 
the United States, or needing drainage before it 
can be used for growing crops to advantage. 
Why is drainage sometimes necessary in con- 
nection with irrigation projects m the United 
States? Are such drained areas extensive? Why? 

12. During what period was artificial drainage of 


land most rapid in the United States? Why? 
Where are these drainage projects most numer- 
ous? Why^ How many acres of land were in- 
cluded vAithin operating drainage projects in tlie 
United States m 1940? How large is this area by 
comparison with that of your home stated 

13 Under what conditions does artificial drainage 
pay^ Under what conditions is it detrimental? 
Illustrate by examples, from your home state if 
possible. 

14. How does drainage alter the en\nronment^ What 
are some of the most important of the detrimen- 
tal effects of artificial drainage? How does arti- 
ficial drainage tend to increase the danger of 
forest fires^ What steps are we taking today to 
repair the damage done by unwise drainage in 
the past? What advantages will be gamed by 
such proj'ects? 
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chapter Nine 

THE CHANGING ENVIRONMENT: 

HUMAN AGENCIES PRODUCING CHANGE-GRAZING, 
THE EXTRACTIVE INDUSTRIES, AND IRRIGATION 


Grasslands, The world's natural grasslands are 
both extensive and widely scattered. In all, they 
occupy approximately 40 per cent of the total 
land surface of the earth. This is more than one 
and one-quarter times the extent of the forested, 
and almost double that of the desert area. Such 
grasslands in the United States, located for the 
most part west of the Mississippi River and east 
of the Rockies, comprise essentially the same 
percentage of the total area of this country that 
they do for the world as a whole. This vast grass- 
land area of some 22,500,000 square miles, nearly 
twice the size of Africa, is split up into many sub- 
divisions, both large and small. Some are located 
in rather high latitudes or far from the equator; 
others are in the tropics, where temperatures are 
high throughout the year. (See Fig. 229.) 

In general, grasslands are confined to regions 
of precipitation deficiency, either total or sea- 
sonal. This is because grasses will flourish where 
the annual rainfall is insuflScient to support a true 
forest, as well as in areas where the dry season 
is too long to permit more than a few trees in 
favored locations, or scattered, woody, drought- 
resistant growths. An exception to this general 
rule is afforded by the prairies of lUinois and 
other similar grasslands of the central United 
States, where rainfall is ample in amount and 
normally well distributed throughout the year. 
There, the grasslands represent an inheritance 
from the past rather than a plant response to 
present environmental conditions. 

Both in the United States and elsewhere, grass- 
lands differ greatly in appearance from region to 
region. This variation is in major part the result 
of climatic limitations which affect the range of 


individual plant species. Thus the natural grass- 
lands of the tropics are quite different in charac- 
ter from those of intermediate latitudes where 
we hve, and they hkewise present a somewhat 
different opportunity to man than do those where 
temperatures are low part of the year. 

Even in the United States, the natural grass- 
lands are of two types: (1) prairie in the better 
watered eastern areas, and (2) steppe in those 
farther west, which suffer from a precipitation 
deficiency. In the true virgin prairie, bluestem, 
a grass, grew to heights of 10 to 12 feet under 
favorable conditions. By contrast, in the drier 
Great Plains, the shorter grasses of the steppe, 
especially grama and buffalo grasses, where char- 
acteristic elements of the plant life. In the transi- 
tion zone between the true prairie and the short- 
grass plains, the vegetation was mixed in type 
and of intermediate height. Long before the 
advent of white men, grasses had captured the 
undissected interstream areas of both the present 
prairie and steppe regions completely, only in 
sheltered valleys and along stream courses did 
trees establish a foothold. Thus grasses domi- 
nated the landscape, which varied only in color 
with the changing seasons. Associated with this 
sea of waving grasses was a native fauna includ- 
ing bison, antelopes, wolves, coyotes, and other 
beasts of prey, plus rodents, among them the 
prairie dog, each kept in check by the others. 

With no experience except that acquired in 
forested areas of the eastern United States and 
northwestern Europe, man invaded this vast 
grassland domain and proceeded to upset the 
balance of nature by his activities. In many places 
the land passed under the plow with resultant 
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Fig. 55. Hereford cattle grazing on good range land, where the short-grass cover has not been dam- 
aged by overgrazing The Jim Henmger range, 10 miles north of Roundup, central Montana. ( Courtesy of R. 
V. Hufnagle, U. S. Soil Conservation Service.) 





Fig. 56. Hereford cattle and a stock-watering pond on the Carl Spencer range, about 7 miles west of 
Veteran, in the Goshen Hole area of southeastern Wyoming Before overgrazing, which causes rapid 
runoff, streams and natural waterholes supplied drmkmg places for cattle in the short-grass plains. This 
pond, however, fed by waste water diverted from the nearby highway, is artificial. During exceptionally dry 
periods, the windmill is used to pump additional water into the pond. ( Courtesy of Orville K. Blake, U. S. 
Soil Conservation Service.) 
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destruction of the native grasses. When this oc- 
curred in the better watered areas of the tail- 
grass pr allies, agricultural use of the land proved 
successful and farming operations were profit- 
able, with feeding but not grazing of hvestock 
an important part of the regional economy. This 
use of the giasslands will be considered more 
fully in the following and other chapters. 

In the drier steppe grasslands of the Great 
Plains, both the character of the vegetation and 
the soils in which it grew indicated a precipita- 
tion deficiency, m both amount and distribution. 
This should have served as a warning that the 
best use of the land was for the grazing of live- 
stock, not crop pioduction. Nevertheless, some of 
the 'prairie” sod was destroyed by plowing in an 
attempt to grow crops. During the wetter years 
this met with considerable success, but during 
the frequent drought periods, often several years 
in length, this was not true. Turning the sod 
wrong side up in these grassland areas not suit- 
able for agricultural use was followed by undue 
drying out of the soil during the periods when 
rainfall was lacking. Then strong winds shifted 
the loose surface materials and caused severe dust 
storms, to be discussed more fully m later chap- 
ters. 


Manifestly, these drier grasslands offered pas- 
turage for hvestock, but not opportunity for the 
profitable growing of crops, which could later be 
fed to animals on farms. Also, when grazing was 
practiced intelligently, it produced no greater 
dram on the grass cover than that caused by the 
former native animal population. However, over- 
grazing, in an attempt to secure an immediately 
greater profit even at the cost of eventual loss, 
rapidly decreased the carrying power of the range 
by destroying much of the vegetation cover. This 
was especially true of the more valuable elements 
or those which afforded the best pasturage for 
hvestock. After the grass had been destroyed in 
this manner, it reestablished itself with great 
difficulty and very slowly in these dry regions, 
where natural conditions for plant growth are 
none too good at best. Further, introduced plants 
invaded these grasslands, in many cases displac- 
ing the original elements of the vegetation com- 
pletely, so that the ground was covered for miles 
with a blanket of plant growth valueless for the 
support of hvestock With overgrazing, also, 
where the vegetation cover had been destroyed, 
the soil was no longer held in place by plant 
roots. Therefore it fell an easy prey to both strong 
winds and running water, and erosion became a 



Fig. 57. A man-made ''desert” resulting from misuse of natural opportunity in Sherman County, north- 
eastern Texas Stripped of plant life by man and denuded of soil by wind, it will be years before this area 
can be restored to something approximating its former desirability. (Photo by McLean, Courtesy of the U. S. 
Soil Conservation Service.) 




Fig. 58. With overgrazing and attempted cultivation in the Great Plains, dust storms have become 
frequent and serious during the late spring and early summer, especially in the drier years The map abov^e 
shows the number of days with dusty conditions or dust storms m the so-called “Dust BowF' during April, 
1935, a dry month of a dry year. (After tlie U. S. Weather Bureau.) 


serious problem. Insofar as wind was the effec- 
tive agency in soil removal, this was evidenced 
by the increased number and severity of dust 
storms. 

The animal population of the dry grasslands 
likewise altered with mans misuse of natural 
opportunity. Prior to white occupation, rodents 
were kept in check by predatory animals, but 
with destruction of the latter, animals such as 
the prairie dog increased objectionably m num- 
bers. This decreased the carrying power of the 
range or even necessitated enormously expensive 
eiadication programs to keep it in profitable use. 
In extreme cases, the costs were so prohibitively 
high that abandonment of limited areas was 
necessary. Not only did the rodents increase in 
this manner with the killing off of their hereditary 
enemies, but it is probable that other objection- 
able elements of the fauna, such as grasshoppers, 
found that human misuse of the land for grazing 
improved conditions for their rapid multiplica- 
tion in numbers. 


Thus man, in considerably less than 100 years, 
has materially modified the environment of the 
grassland areas of the United States. He has 
destroyed almost completely certain valuable 
elements of the native vegetation; he has intro- 
duced objectionable plants; he has produced 
conditions leading to an increase of the rodents, 
and probably to that of certain insect pests as 
well, he has facilitated erosion by both wind and 
water; in some cases he has converted a previ- 
ously desurable grazing area into one which is 
today a definite habihty. These are all changes 
to liis detriment, and all unnecessary. 

Man has also produced these same eflFects in 
other parts of the world. In the Pampa of the 
Argentine, for example, large herds of cattle and 
horses and flocks of sheep have replaced the 
native animals, and prejudicial animals such as 
rats and dogs have become veritable plagues. 
At the same time, the vegetation has been affected 
by the grazing and trampling of livestock. Many 
elements of the former vegetation cover have 
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Fig. 59. A coal mine in the Karaganda coalfield. Located in southwestern Siberia, this and many other 
mines of the area supply coal needed by the industrial plants which are located in the region between the 
Caspian Sea and the Tien Shan. Initiation of coal mining m this basin, the third most important in the 
USSR., has produced marked environmental changes, both locally where the coal is mined and m those 
areas where it is used in the great manufacturing centers which have developed east of the Urals. ( Courtesy 
ofSovfoto.) 


thus been destroyed by intensive grazing and 
replaced, in the absence of the former competi- 
tion, by less desirable pasture grasses. Introduced 
European plants have also found a foothold and 
spread so rapidly as to change the entire aspect 
of the area. In some places, for example, the land 
is covered as far as one can see with a dense 
growth of cardoon thistle. The result is that to- 
day only one-fourth of the wild plants of the 
Pam pa are native to the region. 

Extractive Industries. The extractive indus- 
tries such as mining, by contrast with agriculture 
and most of man’s other economic activities, 
which can be carried on for indefinite periods of 
time in a given locality if proper procedures are 
followed, exhaust the resources which make them 
possible within relatively short periods of time. 
This is true irrespective of the eflBciency of opera- 
tions. In view of the fact that their hfe is so 
limited, and that the products ensured by their 
operations are so essential to man at the present 


stage of his development, all proper steps should 
be taken to prolong the life of the extractive 
industries. In the formulation of plans to assure 
this desirable objective, all factors bearing on the 
problem should be considered, including present 
needs as well as those of the future. 

Mining. Modern industrial development is de- 
pendent on the exploitation of commercial de- 
posits of mineral wealth, both metallic and 
nonmetallic. Following such exploitation, without 
which our present industrial civilization would 
be impossible, marked environmental changes 
occur. In the areas of production, the econom- 
ically valuable mineral resources are eventually 
exhausted and the resulting change is detrimen- 
tal. Seldom if ever is there any gain without an 
accompanying loss. In communities based on 
mining, the gain from exploitation of the mineral 
resom'ce is temporary; the loss is permanent, for, 
with exhaustion of the mineral resource which 
brought settlement into existence, abandonment 
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occurs. The Vilest, for cxamplG, contains many of 
these "ghost towns/' peopled only by memories 
of a glorious past and an occasional old settler 
who "lives" in that past, with the hope that some 
lucky strike may restore the former prosperity. 

This same mineral wealth, extracted at the 
cost of eventual loss to the area from which it 
comes, is utilized in other parts of the world to 
erect buildings, produce machinery, and in other 
ways, all of which modify the cultural environ- 
ments of the using but nonproducing areas, both 
directly and indirectly. Thus an extractive indus- 
try such as mining affects not only the environ- 
ment of the areas endowed by nature with min- 
eral wealth, but likewise enables man to modify 
his environment elsewhere. 

It will be noted that in areas dependent either 
solely or in major part on mining for support the 
only asset of the natural environment offenng 
substantial economic opportunity is the commer- 
cially exploitable mineral wealth. When that has 
been dissipated, the principal basis for human 
occupancy disappears, and the mining industry 
and those dependent on it for support move on 
to new fields. These in turn go through the 
same stages of boom development, temporary 
prosperity, and relapse into abandonment, if no 
other basis for economic activities develops to 
parallel or finally supplant mining operations. 
Such abandoned mining locations pose distinct 
problems of areal utilization, no less serious in 
many instances than those of deforested regions, 
or where overgrazing has destroyed the range. 
Their multiplication in number and increasing 
extent emphasize the desirability of conservation, 
or wise utilization of mineral deposits, to provide 
against the inevitable future when these re- 
sources will be less abundant, and to put off as 
long as possible the time when some, or all, are 
exhausted completely. 

Taking a long-time view, the mineral resources 
are a public heritage, probably administered to 
best advantage by private enterprise, so regulated 
that areas ruined by unwise exploitation will not 
multiply needlessly. To ensure this result, all 
commercially important mineral deposits should 
be developed without unnecessary waste, and 
with a view to securing maximum yields and as 
nearly complete recovery as possible over a con- 
siderable period of time, but without unwar- 
ranted costs, which must be paid eventually by 
the consumer. Further, in the extraction of high- 


grade deposits, consideration should be given 
those of low grade, not economically valuable 
today, so that their mining may be practicable 
if later technological advances should make this 
a possibility. In other words, the extractive indus- 
tries should, in the interest of the public as well 
as that of themselves, forego an exorbitant present 
profit, secured by "skinning" the resource, for 
the sake of a longer period of gain and a greater 
total return. Tins point of view, which makes 
for a longer life of the reserves and a greater total 
profit, is one commonly taken in the larger and 
more enlightened operations, in the absence of a 
local taxation policy which makes it an impossi- 
bihty. However, it is much too frequently not 
the one of the smaller, less eflBcient marginal pro- 
ducer, whose operation at a profit is possible only 
with reckless mining practices which dissipate 
the mineral deposits with unnecessary rapidity 
and excessive loss. Such a conservation policy as 
has been outhned, or one designed to utihze the 
resource in the public interest, contemplates co- 
operation by both the operators and the public, 
the contribution of the latter being a reasonable 
attitude as regards taxation and profits; that of 
the former, a willingness to take a long-time view 
and sacrifice the present to some extent for a 
future benefit. 

Irrigation In bringing the drier areas west of 
the 100th meridian in the United States into agri- 
cultural use, irrigation, or the artificial applica- 
tion of water, is often practiced as a method of 
making profitable crop production possible. The 
first irrigation enterprises were mostly small m- 
dividual projects, followed by somewhat larger 
cooperative ventures. Still later, those constructed 
by the Federal government as part of a compre- 
hensive program of reclamation brought even 
larger acreages under ditch by the expenditure 
of huge sums of money to provide water for tracts 
private capital could not develop at a profit. 
Irrigation in both private and government proj- 
ects has modified the original environment, con- 
verting formerly unproductive areas and others 
of low productivity into ones of greatly increased 
actual or potential production. 

Man, tempted by conceived opportunity, in- 
vades such areas under ditch in considerable 
numbers. He builds houses, barns, and other 
structures; puts up fences; constructs roads; in- 
stalls telephone lines; plows the land; and plants 
crops and trees, thereby leaving the observable 
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Fig 60 Most of the irrigated areas of the United States are located west of the 100th meridian, where 
rainfall is deficient in amount In tlie Lower Mississippi Valley, irrigation is m connection with rice production 
on flooded fields. (After the U. S. Census.) 


impress of his activities on the cultural landscape. 
Visually, an irrigated area with its green fields 
and shade may present a very attractive pictui*e, 
particularly to one who arrives in such an oasis 
after many miles of travel through bordering 
unirrigated country, the contrast thus afforded 
being so great that the attraction is magnified in 
the absence of any immediate, satisfactory basis 
for comparison. Even granting that such irrigated 
areas are as attractive as they may appear to be, 
it by no means follows that the change produced 
by the application of irrigation water represents 
a desirable alteration or a permanent betterment 
of environmental conditions, taking all the facts 
into consideration. Though attractive to the casual 
view, it IS often true that the results obtained by 
irrigation do not warrant the time and money 
spent to effect the transformation from semiarid 
or desert conditions to green fields, for expendi- 
ture of the same effort and money elsewhere 
would have produced results of greater value to 


society. Further, irrigation is always accom- 
panied by certain detrimental effects which, 
over an extended period of time, frequently more 
than offset the advantages accruing from the 
artificial application of water. 

Much of the irrigation water used in arid areas 
under ditch in the western United States con- 
tains a surprisingly high percentage of dissolved 
mineral matter, often objectionable in character. 
It is estimated, for example, that in the Imperial 
Valley of California the water applied yearly to 
each cultivated acre carries approximately 4.25 
tons of salt in solution. Over any extended period 
of time, the large amount of salt added with the 
irrigation water may produce distinct damage, 
reflected m decreased productivity. 

In dry areas, leaching, or the removal of solu- 
ble mineral matter or “salts’^ from the soil by 
percolating water, is slight or absent. This is 
because, though rain sinks into the ground a 
short distance, dissolving mineral matter in its 
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downward course, it later returns and deposits 
this dissolved load m the surface layers, as the 
water evaporates and the soil diies out. In a 
state of nature this concentration of minerals may 
not be objectionable, for the amount of water 
which falls as ram is small, and it penetrates 
only the top few inches of the soil. Therefore it 
does not accumulate any great load of dissolved 
mineral matter. When irrigation water is applied, 
however, concentration of salts m the surface 
layers may increase to an extent that is distinctly 
detrimental. In extreme cases, an accumulation 
of alkaline material may form on the surface of 
the ground as a glistening white deposit, an 
'alkali spot,” in which nothing will grow. 

Occurrence of these spots is in many cases the 


result of unwdse and excessive application oi 
irrigation vvater, it is true, but the possibility oi 
increasing alkalinity to a degree which eliminates 
production is always a hazard, irrespective of 
the care an individual farmer may exercise in his 
use of water. This is because water applied by 
others may travel underground for considerable 
distances, thereby accumulating an excessive load 
of alkahne salts before returning to the surface. 
Thus this load may be deposited far from the 
farm where the water was applied. Practically 
all irrigation districts which have been occupied 
for any appreciable length of time show such 
alkali spots, some only a few feet in diameter, 
others covering many acres. 

Another change m the physical environment 



Fig 61 An attractive farmstead in the Kittitas Valley, 12 miles southeast of Ellensburg, Washington. 
The windbreak, made possible by irrigation and grown in 7 years, consists of trees ranging from 6 to 35 
feet in height These provide protection for the farmstead and garden, and winter shelter for hvestock. 
Such an oasis as the one in which this farm is located presents a great contrast to the surrounding semiarid 
country showing indistinctly in tlie background. (Courtesy of 41st Division, Washington National Guard, 
and U. S. Soil Conservation Service.) 



Fig. 62. Top. An average farmstead in the central part of the Belle Fourche Federal Irrigation Project, 
south of Newell, South Dakota. Irrigation has made possible the trees which serve to break strong winds, 
and to afford some measure of attractiveness to the landscape. 

Middle: Alkali spot, 2 square miles in extent, caused by seepage. Located in the Arpan Plain, the western 
portion of the Belle Fourche Federal Irrigation Project, South Dakota. Originally cultivated but now 
valueless, it supports only a scanty growth of “rabbit grass.’' The trees on the edge of the higher “unseeped” 
land in the background mark the location of a “lateral” or secondary irrigation ditch. 

Bottom: The light that failed An abandoned farm in the Belle Fourche Federal Irrigation Project, about 
1/2 miles south of Newell, South Dakota The dilapidated building at the right is an old bam; the house has 
been destroyed. In the middle, extending from right to left, is a “lateral.” Abandonment of tliis farm was 
forced by seepage and increasing alkahnity which made cultivation no longer profitable. (Courtesy of R, 
H. Brown.) 
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which occurs frequently in irrigated areas is that 
the soils become waterlogged. In a state of 
nature, losses by evaporation are so high as a 
result of the dry air that, in association with the 
small amount of rainfall, seldom if ever does 
water accumulate in the soil in objectionable 
amount. With application of irrigation water, 
this natural balance between precipitation and 
evaporation disappears on some of the lower land, 
with the result that the soils of such areas become 
so thoroughly saturated with water, or water- 
logged, that crops cannot be grown effectively, 
and the land passes out of production, though it 
does not return to its former desert or semidesert 
condition. 

Soils of dry areas are formed in major part by 
the work of the agents of mechanical disintegra- 
tion and to only a lesser extent by chemical 
weathering, for which water is necessary if it is 
to be important as a process in soil formation. 
With application of irrigation water, the normal 
processes of mechanical weathering, character- 
istic in dry areas, are interrupted and chemical 
weathering becomes active. This change in the 
processes which form the soil produces change 
in the soil itself. In the Salt River Irrigation 
Project in Arizona, for example, a survey made in 
1899 showed that only 21 per cent of the soils 
were clays or clay loams, but a second survey in 
1927 disclosed an increase of such soils to 82 per 
cent of all. Thus in 28 years the heavy, or fine- 
textured soils, increased nearly 400 per cent as 
a result of the breaking down of the arkose or 
desert sands resulting from mechanical weather- 
ing during the period prior to application of the 
highly saline water used in irrigation. This change 
in the character of the soils makes them harder to 
bring under production. Water is not absorbed 
readily, leading to use of an excess at additional 
cost. This causes both increased soil salinity and 
more rapid chemical weathering, both of which 
are objectionable. 


From the foregoing consideration it is apparent 
that, though application of water may 'make the 
desert bloom,” the visibly attractive cultural 
landscapes of irrigated areas, which appear to 
indicate an improvement of conditions, may in 
reality only tend to conceal the fact that the net 
results of irrigation have not been beneficial. 
This may be because of inadequate markets or 
marketing facilities, but it frequently results from 
changes m the physical environment produced by 
irrigation practices: (1) increase of soil sahnity; 
(2) the formation of alkali spots, (3) waterlog- 
ging; and (4) change in soil character. Whether 
the total of all change is for the better or the 
worse varies from project to project, and even 
within each project. It is by no means certain, 
however, though advocates of the extension of 
irrigation urge it as a fact, that the environmental 
changes produced by irrigation are in their aggre- 
gate ahvays, or even generally, beneficial and 
commensurate with then costs, especially in the 
United States. 

As with drainage, each project should be 
judged on its own merits; no general statement as 
to the desirability of irrigation applies to aU. 
When the cost is not so excessively high as to 
levy too great a tax on the land benefited, when 
the land passes into use; and when profitable 
crops can be grown and marketed to advantage, 
irrigation pays. By contrast, irrigation is not 
warranted where high costs for water and in- 
accessibility to markets eliminate the possibility 
of profitable agricultural production. Under such 
handicaps, the hmited opportunity presented 
does not tempt settlement, which imposes a still 
heavier tax on those who do occupy the land. 
Detailed studies of various hrigation projects 
indicate that some have been undertaken to ad- 
vantage; others should never have been con- 
structed. When successful, the environment has 
been modified to advantage; when unsuccessful, 
the reverse has been the case. 


QUESTIONS AND EXERCISES 


1. What fraction of the earths land surface is grass- 
land? What fraction of that of the United States^ 
How does the areal extent of the world s grass- 
lands compare with that of Africa^ Of North 
America? How does the areal extent of the grass- 
lands of the United States compare with that of 
your home state? 


2 Under what general climatic conditions do most 
grasslands develop? What grasslands in the 
United States afford an exception to this general 
rule^ To what are such grasslands probably a 
response? 

3. Axe the grasslands of all latitudes alike in ap- 
pearance and in the opportunity they present to 
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man? If not, how and in what respects do they 
differ^ How do the better watered grasslands of 
the United States differ from those of the Great 
Plains? To what use are the better watered 
grasslands of the United States best adapted^ 
Those of the Great Plains^ 

4. Name the principal animals composing the 
fauna of the grasslands of the United States 
How and why has o\'ergrazmg of the drier grass- 
lands of the United States been disastrous^^ How 
has the fauna of the grasslands of the United 
States changed since white occupation 

5. Name some extractive industries other than min- 
ing. In what fundamental respect do the extrac- 
tive industries differ from most of the other eco- 
nomic activities of man? 

6. How does mining aJEect both the natural and 
cultural landscapes^ Are such changes confined 
to the areas where the mines are located, or are 
tliey more widespread in their effects? Why? 
Illustrate by examples, from your home state if 
possible 

7. What is meant by "conservation of natural re- 
sources”? Why is such conservation highly de- 
sirable? How does unwise taxation interfere with 


conservation^ Outline a plan for the wise and 
effective use of our mineral lesources. 

8. Of what type and size were the first irrigation 
projects m the United States^ Why has lecent 
development of irrigation projects in tins coun- 
try been largely by the government? 

9. In what part of the United States aie most of 
the important irrigation projects located^ Why*'^ 
Why is irrigation employed in the Lower Missis- 
sippi Valley, m areas with normally ample lain- 
falP What crop is grown on these projects^ 

10. What are some of the detrimental effects of irri- 
gation? What IS an alkali spot? How is it formed*'^ 
How does irrigation sometimes alter the cliaiac- 
ter of soils^ Is this change advantageous oi ob- 
jectionable^ Why? 

11 Is irrigation practiced m your home stated If so, 
where and why? What crops are grown on such 
projects? What are tlie markets for these ciops? 
Is this a handicap? WhyP 

12. What are some of the advantages enjoyed by 
the farmer in irrigated districts? What are some 
of the handicaps from which he suffers? Under 
what conditions is irrigation desirable? 
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chapter Ten 

THE CHANGING ENVIRONMENT: HUMAN AGENCIES 
PRODUCING CHANGE-AGRICULTURE 


Importance of Agriculture as an Agency Pro- 
ducing Environmental Change. Of all the eco- 
nomic activities of man based on direct utilization 
of the assets of the physical environment, prob- 
ably none alters the natural landscape more 
fundamentally than agricultural use of the land. 
In forested areas, it is seldom that lumbering 
operations alone destroy much more than the 
merchantable timber. Therefore the cutover land 
is ordinarily left with a tree cover after the 
lumberman has gone, and most of the traces of 
his activities disappear within a few years. Even 
where fires accompany or follow cutting, growth 
of some sort soon estabhshes itself. Thus, within 
a relatively short period of time, the burned-over 
area is recaptuied by vegetation and, eventually, 
by some type of forest. Though this will probably 
be composed of less valuable species than those 
making up the original stand, it serves to conceal 
the occasional blackened stubs left by fires. Simi- 
larly, grazing, though often practiced unwisely 
in an attempt to extract the maximum from the 
pasturage in the shortest period of time, and 
without consideration of the future, seldom if 
ever destroys the grass cover completely, though 
altering its character and composition by chang- 
ing the predominant species. Even for the most 
depleted of ranges, it is probable that a short 
period of rest would restore much of the former 
carrying power. The extractive industries such as 
mining normally affect only subsurface condi- 
tions, and, except in combination with associated 
activities, rarely produce permanent, observable 
surface effects. It is true that forest depletion, 
fouling of streams, and accumulation of mine 
wastes frequently accompany underground min • 
ing operations. Within a relatively shoit time 
after exhaustion of the mineral resource exploited, 


however, these unattractive evidences of human 
activity disappear with the elimination of sources 
of contamination, or they are masked by the 
growth of vegetation. 

Drainage, usually accompanying agricultural 
use of the land, probably produces a greater 
permanent change in the natural landscape than 
does any other of the human agencies which have 
so far been considered, but the alteration is often 
largely the result of cultivation and crop produc- 
tion. Irrigation similarly causes fundamental 
changes in the appearance of an area. As with 
drainage, irrigation is normally for the purpose 
of making agiTCultural production possible or for 
increasing crop yields. Therefore the observable 
alteration of the landscape after irrigation results 
from the practices of agriculture rather than 
directly from the water made available. 

In those areas where drainage and irrigation 
are an aid to use of the land for growing crops, 
changes in the environment are marked if agri- 
cultural invasion occurs, and the same is true 
wherever agriculture is practiced, either with or 
wTthout drainage, irrigation, or special tech- 
niques in cultivation. The farmer clears the land 
if it is in timber, thus destroying the forest; he 
turns the sod wrong side up, thereby eliminating 
the native grasses. In this manner, the native 
vegetation and much of the native animal life 
disappear, to be replaced by cultivated crops, 
planted trees, and imported domestic animals. 
This displacement of the native vegetation and 
animal hfe may also be accompanied by the in- 
troduction of objectionable species of plants or 
"weeds”; prejudicial animals such as rabbits; 
harmful birds like the English sparrow; insect 
pests, and plant diseases. Under the changed 
conditions following human occupation, these 
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thrive at the expense of the remaining native life, 
cultivated crops, domestic animals, and man 
himself. 

Soil Erosion. Some of the results of agricul- 
tural use of the land are beneficial, others are 
detrimental Among those which work to man s 
disadvantage is accelerated erosion. With the 
disappearance of the former cover of native vege- 
tation which held the soil in place and the substi- 
tution of a scattered stand of a crop such as corn 
m its stead, the water which falls as ram runs 
off more rapidly and completely than it did, carry- 
ing down the slope a load of soil in suspension. 
Not only do absence of vegetation cover and 
exposure of bare soil facilitate runoff, but, m many 
instances, unwise agricultural practices also aid 
in making runoff more rapid. For example, if the 
furrows left by plowing parallel the slope, as they 
frequently do, the running water finds a ready- 
made channel down which to flow and transport 
its load of suspended sediment. 

The process of soil removal by either running 
water or wind is known as ‘‘soil erosion.” As the 


term is commonly used today, it refers to "accel- 
erated erosion” resulting from man’s activities 
rather than to the slow removal of soil which 
occurs where man has not modified natural con- 
ditions. In the better watered areas of the United 
States, erosion by running water is more im- 
portanti m the drier western states, wind erosion 
becomes sufficiently widespread in its effects to 
be significant, as is evidenced by the popular 
designation of part of that area as the ‘‘Dust 
Bowl.” 

Eiosion by running water may be either one 
of two general types: (1) sheet erosion, or (2) 
gullying. The fiist occurs where runoff from the 
land surface is without undue concentration in 
definite channels, but is spread more or less uni- 
formly in depth over the surface. Where this 
takes place, it results in the removal of a layer, 
or sheet, of topsoil of approximately equal thick- 
ness from the area affected; therefore the term 
"sheet erosion” to describe the type. Such erosion 
occurs on relatively flat slopes and in the most 
desirable agricultural areas. It is very serious, 





Fig. 63 Sheet erosion on Palouse silt loam, Latah County, near Moscow, Idaho. Summer-fallowed in 
1933 and left unprotected during the following winter, the land lost at least 50 tons of soil from each acre. 
Not only has this land suffered from sheet erosion, but mcipient gullies are developing where runoff has 
been more concentrated (Courtesy of the U. S. Soil Conservation Service.) 
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Fig. 64 A field from which corn has been har- 
vested, Fillmore County, southeastern Minnesota. 
This IS in the Driftless or non-glaciated area where 
soil erosion is rather widespread and important. This 
shows how cultivation of com up and down a 25 per 
cent slope causes the initiation of gullying. When 
ram falls, the water which runs off the field follows 
the depressions made by cultivation, deepening them 
and in time causing tlie development of serious gully- 
ing. (Courtesy of the U. S. Soil Conservation Serv- 
ice.) 



Fig 65. Gully development by headward erosion, 
3 miles south of Moulton, Lavaca County, southeast- 
ern Texas As water flows from the cornfield into the 
head of the gully, erosion occurs, and the gully in- 
creases in length. This process by which the gully 
advances up the slope is known as headward erosion, 
because it occurs at the head, or beginning of the 
gully— accompanying this retreat up the slope, addi- 
tional tributary gullies develop. Unless checked, this 
process will destroy the entire field. ( Courtesy of the 
U. S. Soil Conservation Service ) 


for, though not always obvious and never spec- 
tacular, it aflFects the best land, the productivity 
of which it is important to maintain, as well as in 
many cases being the forerunner of gullying. 

Gullying, by contrast with sheet erosion, is 
always apparent and often startling in its effects. 
Therefore it attracts widespread attention, though 
generally affecting areas of lesser agricultural 
desirability than those where sheet erosion is 
important. Where erosion takes the form of gully- 
ing, there is a distinct concentration of runoff 
in definite channels, the gullies, which deepen 
and widen very rapidly, as well as retreat up the 
slope by the process known as "lieadward ero- 
sion.’' As they increase in length, they also de- 
velop tributaries which grow in the same manner 
as the main gully. When gulhes obtain a foothold 
in a field, it is often only a matter of a few 
years before it is ruined for cultivation unless 


steps are taken to prevent their growth. 

Though soil erosion is widespread in the United 
States, and though it has produced much detri- 
mental environmental change, it is ordinarily 
not serious in the glaciated areas, and the same is 
true in many of the western states. In the south- 
eastern states, however, it is alarmingly preva- 
lent. In many parts of this area it is possible to 
drive all day without at any time being out of 
sight of cultivated fields damaged by erosion, 
with occasional fields affected to the extent that 
they will probably never again be brought under 
the plow. 

In these southeastern states precipitation is 
heavy, distributed throughout the year, and gen- 
erally in the form of rain. This often falls in 
showers of considerable intensity on ground 
which IS seldom frozen and never to great depths 
nor for extended periods of time. Under these 
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Fig 66 Gullies deepening, widening, and retreating by headward erosion up a slope in Floyd County, 
northwestern Georgia, near Lmdale The field has already been ruined for all use except as it aflords some 
poor pasture. (Courtesy of the U. S. Soil Conservation Service.) 


conditions, important erosion continues through- 
out the year. Erosion is likewise facilitated by the 
fact that much of the country is hilly and many 
of the soils are hard, impervious clays which do 
not absorb water readily, thereby increasing the 
percentage which runs off. Accompanying these 
conditions, all of which increase erosion, is the 


mature or well- developed drainage pattern of this 
nonglaciated area: many sti earns with large num- 
bers of smaller tributaries. In some parts of the 
South they are so numerous that a creek or 
‘"branch,” which carries water only after rams, 
is crossed every few hundred feet in traveling 
across country. This multiplicity of channels, in 
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Fig. 68. Soil erosion is widespread m the United States, but the aieas where it is serious are much more 
limited. Erosion by water is more general and important than that by wind, se\ ere wind erosion affecting 
only a small percentage of the total area suffering in some degree from soil removal. ( After H. H. Bennett, 
U, S. Soil Conservation Service. ) 


association with other favorable factors, makes 
runoff almost unbelievably rapid. A small creek 
or branch, dry before a ram, will often run 
bankfull during a heavy summer shower, only 
to become dry again within a few hours. Even 
the somewhat larger streams rise and subside 
with almost equal rapidity. 

Added to these conditions of the natural en- 
vironment which ensure rapid runoff are the 
contributing activities of man, particularly his 
agricultural use of the land. Deforested slopes, 
too steep to be cultivated advantageously, are 
plowed and put in crops; and, still worse, in crops 
such as corn, cotton, and tobacco, which, grow- 
ing as they do without covering the ground com- 
pletely, leave much of the soil bare and exposed 
to the attack of running water. When a field is 
not cropped, it remains without cover, except 
as it may grow up in weeds or sprouts. Crop 
rotation is not generally practiced, and sometimes 
plowing and cultivation are without reference to 
topography, so that furrows run up and down 
a hill rather than transversely across the slope. 


(See Fig. 67.) Thus runoff is increased and soil 
erosion is common. 

In this part of the United States most of the 
soils are derived from residual material accumu- 
lated from dismtegration of the underlying rock, 
which is often close to the smfface. Therefore 
gullies may cut down to the solid rock and ero- 
sion, if active, may even strip moderate slopes 
of all soil cover. When this occurs, the solid rock 
forms the actual surface and the formerly culti- 
vated field passes out of use permanently. 

Wind Ewsion. In addition to erosion by run- 
nmg water, wind also plays an important part 
in soil removal in the less well-watered portions 
of the United States, particularly west of the 
100th meridian, in the Great Plains. Originally, 
the natural grassland cover of this area held the 
soil in place. But with overgrazing, and especially 
with subsequent "‘breaking” for agricultural use, 
generally for the production of wheat, the loos- 
ened soil, no longer held in place by grasses, 
pulverized by cultivation, and broken down in 
structure by a single-crop system, falls an easy 





Fig 69. Obion Creek, a stream about 100 feet wide, m southern Graves County, western Kentucky, 48 
hours after a heavy shower. During and for a short time after tlie rain, the water stood at the depth shown 
on the piers of the bridge At the time the picture was taken, two days later, the bed of the creek was 
dry, except for a few pools in the deeper depressions. 


Fig. 70. Corn and tobacco on a steep slope in the Eden shale belt of western Anderson County, in the 
Bluegrass region of Kentucky. The underlying rock is a sihceous or sandy shale, weathering into a stiff 
yellow clay, which erodes badly on the steeper slopes. The use of fields with such steep slopes for the pro- 
duction of clean cultivation crops such as com and tobacco is unwise, for under such use their life is very 
limited. ^ 









Fig 71. Erosion has removed the soil completely; bare rock forms the actual surface of this field in the 
Eden shale belt of the Bluegrass region, m Anderson County, central Kentucky. The present condition 
results from unwise agricultural practices, with slope, soil, and climatic conditions favorable for rapid soil 
removal In its present state, this field is unsuited even for reforestation, it has passed out of agricultural 
use for all time 

prey to strong winds in the drier years. In 1934, age is widespread, extending from the Atlantic 
for example, the '‘dry blizzards” or dust storms seaboard to the Pacific coast, and from the Cana- 
removed millions of tons of fertile topsoil from dian boundary to the Rio Grande and the Gulf 
the western dry-farming region and brought deso- of Mexico. Erosion affects m greater or lesser 
iation and despair in their wake. This was the degree all areas where man has removed the 
greatest disaster to overtake this region within native vegetation cover, either grassland or forest, 
the memory of man, either red or white. It was It is a very serious problem in the grazing areas 
not alone a result of rainfall deficiency, but a of the West as well as in the better watered agri- 
result of such deficiency plus conditions induced cultural regions of the East; no area in human 
by man's attempt to cultivate land at best only use escapes completely. 

submarginal in agricultural opportunity on the Hugh H. Bennett, who has given a lifetime of 
basis of chmatic conditions. It furnishes an ex- study to the problem, estimates that more than 
cellent example of man's ineptitude and of his 75 per cent of the deforested, grazed, and cul- 
failure to use an area effectively. tivated area of the United States has been 

Losses from Soil Erosion, The losses from soil affected adversely by erosion. From this area, 
erosion in the United States, both direct and in- 3,000,000,000 tons of earth, mostly topsoil, are 
direct, are so enormous as to be almost past removed each year. This material is in part 
belief. Though the total extent of the badly carried directly into our rivers, lakes, and bound- 
eroded areas is not so great in recently occupied ing bodies of salt water; in part it is deposited 
regions as in those of older settlement, the dam- as a veneer on the flat land at the bottom of 








Fig 72 An approaching dust storm in Prowers County, southeastern Colorado, March 21, 1937. 
During this storm, which occurred late in the afternoon and lasted nearly 3 hours, the wind velocity was 
approximately 30 miles per hour. During severe storms, visibility is practically zero, even at noon. Dust 
sifts into the houses, interferes with traffic, and worst of all, the top soil of the farms is blown away. ( Cour- 
tesy of the U. S Soil Conservation Service. ) 


Fig 73. Wind erosion in Beadle County, eastern South Dakota, September 22, 1936. The drifted soil is 
nearly 4 feet in depth This was formerly a prosperous farm, with good buildings, but it is now abandoned. 
This has caused a loss of the money invested m improvements, as well as the amount invested in the land. 
(Courtesy of the U. S. Soil Conservation Service ) 
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Fig. 74 Strip cropping, Winona County, southeastern Minnesota, in the Driftless area, November 4, 1936. 
The dark strips are newly plowed, with alfalfa between them. The contrast in the amount of erosion on tlie 
denuded slope at the left and the tree-covered slope at the right shows the eftect of forest cover in retard- 
ing runoff. (Courtesy of the U. S. Soil Conservation Service.) 


the steeper slopes. When this deposit is a thick 
layer of sterile sand or other coarse material, the 
fields on which the deposition occurs are ruined 
for further production, so that both the slopes 
and the flat land pass out of use. 

In addition to this direct loss of topsoil, water 
as it runs off yearly carries with it an invisible 
load of dissolved mineral materials used by plants, 
estimated by the United States Bureau of Chem- 
istry and Soils to have a value of $9,500,000,000. 
This is approximately sixteen times the amount 
of money spent annually in the United States 
for the purchase of commercial fertihzers. This 
loss of mineral materials essential for plant 
growth decreases crop yields and deprives our 
farmers of millions of dollars of income each 
year. As erosion becomes more serious, abandon- 
ment of the land is forced by decreased produc- 
tivity. This destroys not only the original invest- 
ment in the land but also that in buildings, 
fences, and other improvements. Thus the total 
monetary loss increases materially, and may ex- 
ceed more than twice the actual value of the land 
in some cases. 

Not only farmers, but others as well, suffer 
direct losses from soil erosion. The soil which 


washes from the fields is in considerable part de- 
posited in our streams, which decreases their 
navigabihty. When navigabihty is lessened, our 
waterways are usable only with additional ex- 
pense and, even then, less effectively. Silt borne 
by the running water also settles behind dams 
constructed to store water for power development 
or irrigation, decreasing storage capacity and 
increasing costs of water for either use, as well 
as eliminating substantial investments made on 
the assumption of a continuously sufficient supply 
of water. 

Frevention of Soil Erosion. It might appear 
that self-interest alone would induce those aware 
of the dangers of soil erosion to take the steps 
necessary to check its ravages. However, many 
farmers believe that the costs of its prevention are 
prolnbitive. Further, the temptation to sacrifice 
the future for an immediately larger profit has, in 
the past, been so overpowering that it has led 
to neglect of the necessary precautions and an 
exploitation of our soils matched in few if any 
places in the civihzed world. It might even seem 
that the staggering losses from soil erosion would 
enlist popular support for legislation making it 
illegal to dump farms into our waterways, even 
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Fig. 75 Strip cropping and contour plowing in Lancaster County, Pennsylvania, October 18, 1939 In 
this old, highly developed, and productive agricultural area of southeastern Pennsylvania, though most of the 
fields under cultivation have gentle slopes, soil conservation practices are beneficial in preventing sheet ero- 
sion. It will be noted, however, that such practices are not followed on all farms. (Courtesy of the U. S. Soil 
Conservation Service. ) 


gradually, as is the case where running water 
is the transporting agency, but here again the 
public has been, and still is, largely apathetic 
because of failure on the part of most individuals 
to realize that erosion causes a personal loss. 
Curiously, such present interest as exists is in con- 
siderable part because of political expediency. 

As a result of our past pohcy, we are today 
faced with a critical situation and must make a 
choice. We have already lost approximately half 
of the original soil cover; what remains is being 
removed at a rapid rate. Either erosion goes on 
unchecked, and we lose so much more of our 
fertile farm land that production will not sufiBce 
to satisfy demands; or it must be controlled. If 
we choose the program of control, this will, as 
by-products, ensure increased navigability of our 
rivers, lessen the likehhood of extremely high 
flood stages in our streams, and produce other 
benefits of related character. 

As a necessary preliminary to intelligent action 
for control of soil erosion, our lands should be 
classified according to their most effective use. 
Such classification will reveal areas with steep 
slopes, deficient rainfall, and other conditions 


which unfit them for plowland. These should be 
withdrawn from agricultural use and reforested, 
or used for regulated grazing, dependent on their 
characteristics. 

The remaining area, which may be devoted 
to growing crops, should be 'repaired” where 
necessary by the elimination of washes and 
gullies. This may be done by building dams of 
some sort, brush if necessary, which will cause 
fillmg and gradual extinction of the gullies. 
Thereafter, gullying should be prevented by in- 
telligent use of the land. Strip cropping, or the 
growing of alternate, parallel strips of soil-hold- 
ing crops, such as grasses or small grains, and 
clean cultivation crops, such as corn or tobacco, 
at right angles to, or across the slope, will do 
much to retard runoff and prevent objectionable 
slope wash. In some cases, modified terracing, 
or the throwing up of ridges across the slope, is 
highly effective. Basin furrowing, or the excava- 
tion of thousands of shallow depressions by 
machines designed for that purpose, surface 
irregularities which hold the water and allow it to 
sink into the ground, has also been found to be 
useful under certain conditions. All these methods 
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Fig. 76. Fresh terraces, Houston County, southeastern Minnesota, m the hilly Driftiess on nonglaciated 
area. By throwing up several furrows, forming terraces or obstructions across the slope, runoff is checked and 
the soil is held in place. (Courtesy of the U. S Soil Conservation Service.) 


are mechanical means of arresting runoff and 
allowing the soil to absorb water, so that it will 
not cause erosion but will benefit the crops later 
in the season. 

In addition to more intelligent plowing and 
planting it is desirable that agricultural practices 
be followed which will improve the physical 
characteristics of the soil so that it will absorb, 
not shed water, which latter causes soil erosion. 
These practices would involve less ‘soil mining,” 
that is, sale of the soil minerals used by plants 
in the form of agricultural products, and a return 
to the land of an equivalent of those removed 
by crops. This can be accomplished in a variety 
of ways, with crop rotation, increase in the ani- 
mal industries, and apphcation of commercial 
fertilizers, among the list of possible methods. 

Inasmuch as the problem of serious soil erosion 
confronts us today, it should be met now, not 
tomorrow, for each day of delay increases its 
seriousness and the difficulty of its solution. To 
counteract the undesirable effects of soil erosion 
on environmental conditions, plans for its pre- 
vention should be formulated and put into opera- 
tion in the immediate future. The success or 
failure achieved in the carrying out of such plans 
must depend on the degree of cooperation 
secured. Since everyone is affected, both directly 
and indirectly, it is vital that all realize their 
interest and take steps to protect it. 

Soil Erosion in Other Parts of the World. The 
problem of soil erosion is not new, nor is it 


confined to the United States. It is almost as 
old as agriculture, for excessive removal of soil 
began with the earliest productive use of the land 
without methods adapted to slope and soil condi- 
tions. Its adverse effects were felt in ancient 
Mesopotamia. In Palestine, erosion, which began 
at least as early as Biblical times, has continued 
until today practically all soil has been removed 
from many formerly forested slopes. The same 
is true in Greece. That it presented a problem 
m Roman agriculture is indicated by the writings 
of Pliny during the first century after Christ, for 
he advised farmers to practice contour plowing, 
or to plow across rather than up and down the 
slope. This problem was, and still is, common m 
all Mediterranean agricultural areas, where rain- 
fall IS light, slopes are sometimes steep, forests 
sparse, and other conditions as well are favorable 
for rapid runoff. 

When agriculture advanced into the better 
watered regions of northwestern Europe, the 
problem of soil erosion accompanied its invasion 
of those areas. In places in England, for example, 
evidences of Roman cultivation 5 feet below the 
present surface indicate the extent to which 
wash and deposition have occurred since the 
days of Roman occupation. Even today, many 
old, eroded fields, abandoned after the Saxon 
conquest, are still uncultivated. The problem of 
soil erosion was intensified during the Medieval 
period by the fact that the tenants, not holding 
their land permanently, had inadequate incen- 
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Fig 77. Basin furrowing near Humboldt, Ne- 
braska, Feb. 10, 1937. The curved furrows, which 
run at the same level or follow the contour, are di- 
vided into basins, each 8 feet in lengtli Tins de- 
creases the probability of runoff along the furrow. 
With melting of the snow cover, the water is held in 
the basins and absorbed gradually, except for the part 
which evaporates As a result, there is almost no run- 
off on this field and erosion is prevented. (Courtesy 
of the U. S. Soil Conservation Service.) 

tive to practice careful tillage, and that the farm 
animals were pastured on commons, so that fer- 
tilizer was lacking for use on cultivated fields. 
The low crop yields, inevitable under these con- 
ditions, and the steady increase of population 
at that time, led many to believe the productive 
capacity of the land would eventually become 
insufficient to feed all. 

In the densely populated agrarian areas of 
Asia, soil erosion also assumes serious proportions. 
In some places, indeed, its ravages are at least as 
great if not greater than in the most seriously 
affected parts of our own country. North China, 
for example, where both wind and water con- 
spire in association with man’s activities to pro- 
duce some of the worst cases of soil erosion in 


the world, has lost so much ''good earth” that the 
country is often desertlike in appearance. Swollen 
by rapid runoff, caused in part by denuded 
slopes, the floods of the Hwang Ho bring desola- 
tion and famine to this densely populated part 
of the earth’s land surface with monotonous regu- 
larity. So important in the life of the Chinese are 
these regularly recurring catastrophes that the 
Hwang or "Yellow River,” so-called because of 
its burden of silt, is sometimes known as the 
"River of Sorrows.” 

Even Japan does not escape, for recent re- 
moval of forest to supply the needs of industry 
has developed an erosion problem of such pro- 
portions that it has become necessary to reforest 
many of the steeper slopes in order to regulate 
runoff, and thus ensure a steady supply of irriga- 
tion water, the lifeblood of Japanese agriculture, 
for the cultivated fields. In the Eastern Hemi- 
sphere, also, both Australia and South Africa, 
upon which industrialized Great Britain depends 
for much of her food supply, have likewise been 
badly ravaged by soil erosion. 

In the Western Hemisphere outside of the 
United States, soil erosion is particularly serious 
in Latin America. To the south of us, Mexico has 
suffered so severely that, in some areas, the fields 
are either gulhed or perched between gullies 
which encroach and threaten to devour them. 
Elsewhere, equally prevalent and serious sheet 
erosion is indicated by numerous exposures of 
solid rock. Farther to the south, in South America, 
the formerly productive area of the Inca Empire 
is slowly wasting away. Today, when seen from 
the air, its pockmarked surface often suggests 
aflSiication by a horrible skin disease. This grim 
list of areas suffering from serious soil erosion 
could be extended to include many other coun- 
tries of the Western Hemisphere, southern and 
eastern Europe, and densely populated parts of 
Asia. 

That "all flesh is grass” is as true today as in 
the past, for the food man eats comes from the 
soil. Even though we may some day substitute 
pills for bread and meat, we shall still be de- 
pendent on the surface layers of the earth. Yet, 
in many parts of the world, vast tracts of form- 
erly productive land have been permitted to 
become near-deserts, with their present inhabi- 
tants living under slum conditions. When food 
shortages develop as a result of wartime disloca- 
tions, even governments may err in encouraging 
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or even exerting pressure to induce an intensi- and thirstier. Further, we continue to depend too 

fied use of the land which speeds its destruction, much on the rule-of-thumb methods of the " prac- 

Slowly but surely our soils are disappearing; tical or dirt farmer” rather than upon the advice 

we have made but slight progress m checking of the skilled land-use technician. Inevitably, we 

the process. Yet both population and needs con- already pay the penalty in decreased per acre 

tmue to increase. Despite these facts, we still yields and, unless we mend our ways, the future 

overgraze much of our grassland; we persist in will be dismal indeed, for certain disaster will 

using our rivers as sumps; we are getting thirstier over take us. 

QUESTIONS AND EXERCISES 

1. Compare the effects of agriculture in altering of wind erosion increasing or decreasing^ Why? 

the natural environment with those produced by 7. Why has soil erosion increased in the drier parts 
man s other economic activities based on direct of the United States with increase of settlement, 

utilization of the assets of the physical environ- and particularly with the introduction of dry 

ment. farming? 

2. Why does destruction of the native vegetation 8. How great is the financial loss from soil erosion 

cover and tlie substitution of cultivated crops in the United States^ Why may the financial loss 

tend to increase rapidity of runoff and soil ero- from accelerated erosion exceed the value of the 

Sion? land? 

3. What are the two agencies which produce soil 9. How does soil erosion affect the use of our rivers? 

erosion^ What are the two types produced by What uses are affected? State the detrimental 

running water^ Which one of the two types pro- effects of accelerated erosion on each use. 

duced by running water is more important and 10. How may objectionable soil erosion be checked^ 

serious in our best agricultural areas? Why? What is meant by contour plowing? By strip 

Why does gullying ordinarily attract more at- cropping? By modified terracing^ By basin fur- 

tention than sheet erosion? rowing^ How does each assist in checking objec- 

4. In what parts of the United States is soil erosion tionable erosion? 

most serious? Why^ In what parts of the United 11. Is soil erosion confined to the United States? If 

States is soil erosion relatively unimportant? not, when did it begin in other parts of the 

Why? What fraction of the United States has world? How do we know tins? In what parts of 

been affected adversely by soil erosion? Europe is soil erosion most serious? Why? Is 

5. Why is runoff so rapid in the South? How does soil erosion important in Latin America? Where? 

the agricultural system and agricultural practice 12. Does serious soil erosion occur in Oriental areas? 

in the South tend to increase soil erosion^ Where? How serious is the problem there? In 

6. In what parts of the United States is wind ero- what part of China is soil erosion most serious^ 

sion important in removing soil? What uses of Why? Why is tlie Hwang Ho sometimes known 

the land in this part of the country have caused as the ‘Yellow River”? The “River of Sorrows”? 

a great increase in soil erosion? Is the importance 
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PART FOUR. ELEMENTS OF THE PHYSICAL OR NATURAL 

ENVIRONMENT 


Chapter Eleven 

CLIMATIC ELEMENTS: SUNSHINE AND TEMPERATURE 


Population and Environment. Population is 
normally above average density in areas of 
natuial opportunity, especially where initial at- 
traction has been enhanced by human activities; 
sparse where original opportunity was limited, 
and time and progress have not altered possi- 
bilities materially. Initial attraction resulted from 
different combinations of climate, fauna, flora, 
topography, and other environmental factors, 
which afforded varying degrees of opportunity 
and in a degree variable with the stage of de- 
velopment of man. Wherever he has intruded his 
activities, subsequent change has not only modi- 
fied the original value of individual factors of the 
environment, but likewise their interrelationships 
and the combined value of all. In the following 
discussion of the limiting effects of environment, 
however, individual factors will be considered 
separately for practical reasons, despite the fact 
they normally operate in combination, not 
singly. 

Climate and Life Forms. Climate affects the 
range of both elements of the native vegetation 
and cultivated crops, plant structure and habits, 
and the luxuriance of plant growth, Where suffi- 
ciently repressive, even deserts may result: 
either the dry deserts of the lower latitudes or 
those of snow and ice of the polar regions. Ani- 
mal life is affected similarly with respect to 
range of species, appearance and habits, and 
abundance. These effects on plants and animals 
influence man’s distribution, activities, and com- 
fort, both directly and indirectly, in a degree 
varying with his stage of development. The 
climatic factors producing these results are sun- 
light, temperature, moisture conditions, and 
winds, particularly as the last affects precipita- 
tion. 

Sunlight and Its Function. Sunlight is neces- 


sary for the functioning of life processes of all 
green plants for, without it, they are unable to 
utilize the raw materials, water and carbon 
dioxide, to make sugar, which is later transformed 
into starch and other plant foods. The tabula- 
tion below shows the relation of sunlight to this 

Factory: Green plant 

Raw Materials. Carbon dioxide and water 

Power: Sunhght 

Manufactured product: Sugar 

By-product: Oxygen 

process of photosynthesis, or “manufacture” of 
sugar by plants. The plsnt functions somewhat 
like a factory, using carbon dioxide obtained from 
the air and water from the soil to produce sugar, 
with surplus oxygen a by-product. This process 
takes place largely in the leaves. Power is sup- 
plied by sunlight, therefore the plant factory 
“operates” or produces sugar only during the 
daytime and most rapidly during that part of the 
daytime w^hen the sun is shining brightly. 

This sugar or other plant food is used by the 
plant to promote vegetative growth and for stor- 
age in seeds, which consist essentially of an em- 
bryo and a food supply, the latter to serve until 
leaf and root systems which draw upon the air 
and soil are perfected. If the sun does not shine 
brightly, httle or no sugar is made, vegetative 
growth is checked; and seeds do not fill out 
properly. Different plants, it is true, vary in their 
light requirements, but the fact that many do not 
thrive and some may even die in the shade indi- 
cates that sunlight is necessary for their growth. 

The seed, or its equivalent from the standpoint 
of reproducing the plant, is a device perfected 
to tide over a period unfavorable for growth 
because of low temperature or precipitation de- 
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Fig /8. This map shows the average percentage of the possible hours of sunshine for the United States 
during June, July, and August. For example, if the daylight period at Chicago on a gi\ en date during any one 
of these three months is 15 hours in length, there will be 70 per cent of 15 hours, or 10.5 hours, of sunshine 
tliere on that date. (After the Atlas of American Agriculture.) 


ficiency. It is, therefore, a resting stage in the life 
history of the plant species- To perform its func- 
tion, food must be stored in the ‘"seed,” where it 
will be available when conditions for growth are 
again favorable. Unless there is sujBficient sun- 
shine, however, this is impossible. For man, the 
seed or its equivalent affords a large part of his 
food supply. But, when it is cloudy, photosynthe- 
sis is checked and seeds do not fill out propeidy; 
crop yields are decreased, and man is affected 
adversely. 

Sunlight and Agriculture. The percentage of 
the possible hours of sunshine affects agriculture 
in two ways: ( 1 ) by limiting the number of crops 
which can be grown profitably; and (2) by affect- 
ing the yields of crops grown. The first of these 
two effects follows from the fact that crops have 
different sunshine requirements. Unfortunately, 
those which can be grown to advantage in areas 
with much dark, cloudy weather are those which 
are less profitable, for example, hay and oats. 
Therefore the agricultural desirability of an area 
is decreased by a low percentage of the possible 


hours of sunshine. The second effect, that on 
yields, influences piofits directly. Thus the 
amount of sunshine becomes an important factor 
in determining the relative agricultural desir- 
ability of areas. 

Temperature Distribution. Air temperatures, 
which make human life possible on the earth’s 
surface, result from insolation, or “exposure to 
the rays of the sun ” Since the amount of heat 
received from the sun varies with both latitude 
and the season, temperatures differ from place 
to place and change from time to time in the 
same place. (For an explanation of the cause of 
this, see Chap. XLVIII.) They also differ at a 
given place during the day, principally because 
of variation in the verticality of the sun’s rays; 
and likewise at a given time in the same latitude, 
for land both heats and cools moie rapidly than 
water. Thus, when temperature distribution is 
plotted on a map by means of isotherms, lines so 
drawn that all points on each have the same tem- 
peiature, the isotherms depart from their approx- 
imately east-west paths over the oceans and bend 
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Fig 79. The available frost-free season or the effective crop season, four years out of five. (After the 
Atlas of American Agriculture. ) 


either north or south over the land, often rather 
sharply. Further, isotherms over the oceans vary 
in location at different times of the year only 
within narrow hmits, whereas seasonal tempera- 
ture change over the land during the year causes 
them to shift north and south for considerable 
distances. This varied distribution of tempera- 
tures causes the earth’s surface to differ in habit- 
ability from place to place. 

Low Temperatures and Plants. When the tem- 
peratxxre falls sufiSciently, herbaceous plants are 
commonly killed, though the definite change 
which produces this result is apparently still in 
dispute among biologists. The exact temperature 
at which killing will occur varies with both the 
species of plant and the season, but, on the aver- 
age, it is about 32°F., the freezing point of water. 
With some plants, however, it may be lower, and 
it likewise varies from time to time for a given 
plant species. During the summer, for example, 
a sudden drop of temperature to 32 °F. is ordi- 
narily more disastrous than the gradual lowering 
to the same point which occurs in the fall. Appar- 
ently the plant is able to make an adjustment to 
small and gradual temperature changes to 32 °F., 


or even slightly below, but not to those which 
are both great and sudden. This fact is of sig- 
nificance in that it affects regional agricultural 
desirability. 

Frost and the Frost-free Season. The period 
between the last killing frost in the spring and the 
fiirst killmg frost in the fall is known as the “frost- 
free” season. Its length is important in that it is 
one of the factors determining what crops can 
be grown to advantage in a given area. A short 
frost-free season is always a handicap, for only 
a few crops can be grown and matured in the 
time available; a long frost-free season is an ad- 
vantage because it increases the number of crops, 
and particularly the number of profitable crops, 
which can be grown without undue risk of frost 
damage. Further, the greater diversity of crops 
possible tends to make agriculture more profit- 
able. 

In planning agricultural production for any 
given area, it is necessary to take into account not 
only the average length of the frost-free season, 
but the amount of departure from this average as 
well. In areas where this departure is frequent 
and great, the length of the available frost-free 
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Fig. 80. Temperature efficiencies in the United States during the average frost-free season, on die as- 
sumption that plant growth stops at 40 °F. On the map, the numbers showing temperature efficiencies repre- 
sent hundreds. Therefore the temperature efficiency at Mmneapohs would be 400; that at San Diego would be 
800, or twice as great. (After Livingston and Shreve ) 

season is decreased materially; in areas where the rise above that point. Thus two areas may have 

departure is slight and relatively infrequent, the frost-free seasons of the same length, yet differ 

effective and the average frost-free seasons are greatly in agricultural desirability because of 

essentially the same. Therefore these latter areas differences in temperature efficiency, 

are more desirable, other conditions being Low Temperatures and Animals. Where win- 
equally favorable. In determining the availabihty ters are long and cold, some warm-blooded ani- 

of any area for the production of a given crop, it mals, such as bears and bats, and all cold-blooded 

is customary to consider the effective length of the animals like frogs, toads, and snakes, hibernate, 

frost-free season as its length in four-fifths or They select some sheltered retreat and, becoming 

nine-tenths of the years rather than the average, dormant almost to the point of death, breathe 

which may misrepresent the practicable length very slowly, sometimes not more than nine or ten 

greatly where departure from the average is con- times an hour. Thus they are able to live for 

siderable and frequent. months on the store of fat accumulated during 

Temperature Efficiency. Though plants are not the preceding summer and fall. Other animals 

killed by low temperatures, except at freezing or which do not hibernate, as well as many birds, 

below, plant growth stops considerably above migrate with the changing seasons in order to 

S2'^F., on the average at 40 °F., with departures escape low temperatures. Some of the birds of 

from that temperature varying with the plant the Arctic, for example, shift to lower latitudes 

species. At temperatures between 32 °F. and in the late fall and back to the Arctic in early 

40°F., therefore, plants become dormant, or spring. Others move south, even into the South- 

growth ceases. For this reason, the effectiveness ern Hemisphere, in our fall, and back again in 

of temperatures in promoting plant growth dur- our spring. Migration of the animals, for example 

ing the frost-free season varies with the number those of the caribou, are for shorter distances, 

of days they rise above 40°F., and the amount of Among the animals which remain throughout the 
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year in an area characterized by great annual 
temperature range, many change their coats with 
the seasons. This is partly as a protection against 
enemies, but generally to afford protection against 
cold as well. 

Low Temperatures and Man. There is no part 
of the earth’s land surface which is uninhabited 
because of low winter temperatures, for man has 
learned how to cope with such unfavorable con- 
ditions. Therefore the length of summer and 
temperatures of the summer months are of greater 
importance in affecting the habitability of a re- 
gion than temperatures of the cold months. Thus 
people live at Verkhoyansk, in Siberia, where the 
average January temperature is --58.2°F. and 
where the temperature has fallen as low as 
— 93.6°F. By contrast, many areas in the Arctic 
with much higher winter temperatures are un- 
inhabited because of too short and too cold sum- 
mers. Even though some of these very cold areas 
are inhabited, their low temperatures multiply 
the problems of existence and constitute a serious 
handicap. 

Low Temperatures and Soils. The effects of 
low temperatures on soils are in general benefi- 
cial. Mineral soils are formed in large part by the 
mechanical and chemical weathering of rock ma- 
terial. Freezing and accompanying expansion of 
water in the joint and bedding planes, or larger 
openings, and in the pore spaces between the 
mineral grains in the apparently soHd rock, force 
the larger fragments apart and weaken the bonds 
holding the smaller grains together. This frag- 
mentation, valuable in soil formation, also aids 
chemical weathering by increasing the surface 
exposed to attack, though not necessarily to an 
extent to compensate for the slowing down of 
such action by low temperatures. Alternate freez- 
ing and thawing also leave the soil loose, open, 
and porous, thereby improving conditions for 
plant growth. The farmer describes this loosening 
effect by saying that the ground '‘heaves” in the 
spring when the frost goes out, though heavmg 
actually occurred at the time of freezing, when 
expansion occurred. 

Most mineral soils contain a considerable per- 
centage of organic material, derived from plant 
residues. It is this which imparts the black color 
so common in the soils of intermediate latitudes, 
where low temperatures check decay and de- 
composed plant remains are available for incor- 
poration in the soil. The presence of this material 


is beneficial in a variety of ways which will be 
considered in a later chapter. 

Low temperatures also check leaching or loss 
of soluble soil minerals which are used by plants. 
Where it is warm throughout the year and rain- 
fall IS abundant, movement of water m the soil 
and loss of these soluble minerals is continuous. 
On the other hand, where temperatures fall to 
freezing or below for long periods of time, the 
process is interrupted and the soluble minerals 
are retained for use by plants during their season 
of growth. Low temperatures also conserve soil 
moisture by decreasing evaporation, and they 
check erosion, which cannot occur when the 
ground is frozen and is decreased at other times 
by loosening of the soil as a result of frost action. 
Hence soil erosion is normally less severe m areas 
with long cold winters than in those regions 
where it is warm throughout the year, except as 
other factors favoring soil removal may offset the 
effects of low temperatures. 

High Temperatures and Plants, Animals, Man, 
and Soils. With high temperatures throughout 
the year, plant growth will be luxuriant and there 
will be no resting period imposed by climate, if 
rainfall is ample and its distribution is favorable. 
Animals will neither hibernate nor migrate for, 
with constant high temperature and otherwise 
favorable conditions, such movement is not neces- 
sary. Nor will they change their coats if tempera- 
tures vary but slightly and other significant 
change is lacking. In view of the fact that it is not 
necessary to provide against a cold season, life is 
much simplified for both the animals and man in 
many respects. 

On the basis of high temperatures alone, no 
part of the earth’s land surface is uninhabitable 
or uninhabited. At Yuma, Arizona, temperatures 
have exceeded 100 °F. in the heat of the day for 
80 consecutive days, except for one, in Death 
Valley, California, a maximum temperature of 
134°F. has been recorded, at Aziza, 25 miles 
south of Tripoli, one of 136.4°F., the highest day 
temperature of record, yet man can and does live 
in all these places. 

Soils, however, are affected adversely in well- 
watered areas by continuously high temperatures. 
They tend to be hard and compact in the absence 
of loosening by frost action; they are lacking in 
organic material, for decay occurs throughout 
the year; and they are badly leached and highly 
oxidized. They are, therefore, less desirable on 
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Fig. 81. A citrus orchard on an alluvial fan, a fan-shaped land form of material deposited by water, at the 
foot of the Coast Range in the background, m the valley of tlie Santa Clara Ri\er, eastern Ventura Count}*, 
California. When temperatures fall, the air, as it cools, flows down the slope of the fan and accumulates m the 
depression near tlie river. There, frosts are too frequent to allow use of the land for orchards Note the lower 
limit of planting on the fan, which marks the level below which the frost hazard becomes considerable 


the average than the soils of intermediate lati- 
tudes, and the luxuriant vegetation they often 
support is a response to climate, not soil fertility. 

Crops and Frost. Most crops of the higher 
latitudes are annuals, planted late enough m the 
spring so that frost danger is slight, or, if fall 
planted, they do not reach a stage of growth dur- 
ing which frosts are detrimental until the risk of 
killing frost is negligible. Harvest occurs in the 
summer or early enough in the fall so that ordi- 
narily there is likewise no damage to the crop 
from frost at that season. 

With garden crops particularly susceptible to 
frost damage, however, and with orchard and 
other fruit crops which arc perennials, special 
precautions are often taken to minimize or pre- 
vent frost danger. These fall into two general 
classes . ( 1 ) choice of a location such as to elimi- 
nate, or at least decrease, the probability of frost; 
and (2) special measures for the prevention of 
frost occurrence. 

There are two types of relatively frost-free 
locations suitable for commercial orchards, in 


addition to one m a latitude low enough so that 
frosts are either infrequent or unknown. The first 
of these is on a slope, the second is near a lake or 
body of fresh water of appreciable size. On 
slopes, frost danger is decreased by air drainage, 
which results from the fact that, as air cools, its 
weight per unit of volume increases. Therefore, 
as It cools, it flows down slopes and accumulates 
in depressions. Thus, during the night or any cold 
spell of the spring or fall when frosts threaten, 
the air which comes in contact with the orchards 
planted on slopes rarely drops to a temperature 
of 32 °F., though heavy frosts may occur in the 
depressions into which the cold air drains. Frost 
protection is likewise aflForded by lakes and other 
bodies of fresh water, because water both ab- 
sorbs and loses heat slowly. In the spring, there- 
fore, the lake waters, cooled during the preceding 
winter months, warm slowly, thereby keeping 
temperatures over the near-by land low. This re- 
tards blossoming of fruit trees until the danger 
of frost is past and thus prevents frost damage. 
In the fall, the lake waters retain their heat, pre- 
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venting low temperatures and frost near the 
shores. The lake, it will be noted, functions differ- 
ently in the spring and fall in preventing frost 
damage. In the spring, it does not prevent frost, 
but retards blossoming, which prevents frost 
damage; in the fall, it prevents frosts. 

Garden and Fruit Crops and Their Frotection 
from Frost. In case frost impends, despite care in 
selection of the area of planting, it and its damage 
may sometimes be prevented by: (1) checking 
radiation or loss of heat; or (2) maintaining tem- 
peratures above freezing by heating the air. 


Radiation may be checked by a cover of some 
sort, which prevents loss of heat from the ground 
to an extent that freezing temperatures do not 
occur under the cover. Garden crops which bring 
in a high return per acre of land under cultiva- 
tion may be protected with profit in this manner. 
A similar result may often be secured at much less 
expense by soaking the ground with water which, 
because of its slow loss of heat, may keep the soil 
warm enough so that temperatures in the surface 
layers of air will not drop to 32°F., and frost will 
not occur. 


A 



i 

MIDNIGHT NOON MIDNIGHT 



Fig. 82. A. Relative amounts of insolation from vertical and oblique rays of the sun. B. Curves of inso- 
lation and radiation for a 24-hour period, with sunrise at 6 a.m. and sunset at 6 p m. 
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Damaging frost effects on orchards, where pro- 
tection by covers is obviously impracticable, may 
sometimes be prevented by buildmg fires and 
thus raising air temperatures sufficiently to pre- 
vent frost occurrence. In the citrus orchards of 
California and elsewhere this is accomplished by 
the use of smudge pots, which burn crude oil and 
produce a dense smoke. This blanket of smoke 
probably checks radiation to some extent, though 
the more important beneficial effect is the higher 
temperature resulting from burning the oil. 

Temperature Ranges. Temperature ranges are 
of two types: (1) daily; and (2) annual. Daily 
range is the difference between the maximum and 
minimum temperatures for the 24-hour period of 
a day, annual, the difference between the tem- 
peratures of the warmest and coldest months of 
a year. These ranges result from variation in the 
amount of insolation, or radiant energy, received 
from the sun during a 24-hour period, in the case 
of the daily range; and during a year, for the 
annual range, plus the quantitative relationship 
of these amounts to the radiation, or loss of heat, 
by the earth during these same periods. 

Daily Temperature Range and Its Effects. The 
amount of heat received from the sun early in 
the morning, when the sun’s rays are very obHque, 
is exceedingly small. It is so small that, even for 
some time after sunrise, the earth actually re- 
ceives less heat from the sun than is lost by 
radiation. So long as this continues, the tempera- 
ture falls. However, as the sun rises higher in the 
sky, its rays become less and less oblique and 
their heating power increases correspondingly, 
until finally the amount of heat received and the 
amount radiated balance. This is the coldest time 
of day which, it will be noted, occurs after sun- 
rise. Thereafter, the amount of heat received in- 
creases up to a maximum at 12 o’clock noon, sun 
time, when the sun’s rays approach or reach the 
vertical. After this time, noon, the amount of heat 
received decreases to zero at sunset. Though the 
amount of heat received is greatest at noon, the 
hottest time of day is normally later, the exact 
time varying with the season, for the temperature 
must increase as long as more heat is received 
than is lost, and up to the time when radiation 
equals the amount of heat received. This is usually 
between 2 and 4 P.M. Daily range varies greatly 
from place to place. For well-watered areas in 
low latitudes, especially near the ocean, it will 
normally be less than 10 degrees. In desert areas, 


by contrast, particularly where aridity is asso- 
ciated with considerable elevation, temperatures 
may fall to freezing or below at night, even in the 
tropics, and rise to lOO^F. or more in the heat 
of the day. This is because both heating and 
radiation are extremely rapid in the clear, dry air 
of all deserts, and in the thin air at great eleva- 
tions. 

This daily range of temperature resulting from 
the variable relation between the rates of heating 
and radiation is of great importance to man, for 
it affects both his comfort and basis for support. 
Certam crops such as potatoes, for example, do 
well only in areas with cool nights and warm 
days; others like com are grown to best advan- 
tage where both days and nights are hot. Thus 
daily range of temperature affects crop systems, 
crop yields, and crop quality. Further, if both 
days and nights are hot, though these conditions 
are favorable for corn, they are not conducive to 
human comfort, whereas cool nights furmsh some 
respite from hot days and enable man to work 
more effectively. 

Annual Temperature Range and Its Effects. 
Annual temperature range varies with both lati- 
tude and distance from the ocean. At the equator, 
even at great elevations, the annual temperature 
range may be less than 1 degree, much less than 
the daily range for the same place. This is why 
night is sometimes referred to as the “winter of 
the tropics.” In higher latitudes, especially if far 
from die ocean, the average annual range is 
commonly as much as 50, and it may exceed 100 
degrees. These extreme temperature changes re- 
sult from great variation in the amount of heat 
received at different seasons of the year in all high 
latitudes, and the rapid heating and radiation 
where the regulating effect of the ocean on tem- 
peratures is lacking. In the same way that the 
coldest part of the day occurs after sunrise and 
the hottest part after noon, the coldest part of 
the year is after the time when the sun’s rays are 
most oblique and the hottest part after they are 
vertical or most nearly vertical, for here again 
temperatures on a certain date or during a given 
season depend not only upon the amount of heat 
received, but also on the relationship between 
that amount and radiation. Apparent exceptions 
to this general rule are explainable by such causes 
as wind shifts, which alter the temperature con- 
ditions normal to an area at a given time by 
importation of masses of air from other latitudes. 
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Fig. 83. A contrast in annual ranges of temperature, Quito, at an elevation of 9,350 feet but near the 
equator, has an annual range of less than 1 degree. By contrast, Verkhoyansk, m a higher latitude near the 
Arctic Circle and m the mtenor far from the ocean, has an annual range of more than 118 degrees. 


Annual range of temperature influences both 
man's comfort and his economic activities. It 
affects plant habits and thereby man, who de- 
pends on plants for food and particularly on seeds 
or otlier plant structures designed to reproduce 
the plant species. In the humid tropics, where it 
is warm throughout the year and conditions are 
favorable for continuous growth, plant reproduc- 
tion is commonly by means other than ‘'seeds/' 
Therefore most of man's foodstuffs are supphed 
by plants which grow where there is a consider- 
able seasonal change of temperature, or in some 
other aspect of the climate which imposes a rest- 
ing stage on plant hfe. 

Annual range of temperature produces differ- 
ences in the crops which can be grown to advan- 
tage, not only as between the tropics and inter- 
mediate latitudes, but within middle latitudes as 
well, where temperatures commonly fall below 
freezing for extended periods of time during the 
winter months. For example, if winter tempera- 
tures are too low, winter wheat, which is fall 
planted, cannot be grown successfully. There- 
fore, if wheat is a crop, it must be spring wheat, 
which gives smaller average yields. 

In addition to affecting crops grown, crop 
yields, and available food supply, annual tem- 
perature range is important because of its physio- 


logical effect and its stimulus to endeavor. In 
those parts of the tiopics where continuously high 
temperatures and humidities are enervating, and 
where necessity for providing against long, cold 
winters is lacking, these conditions operate to 
hmit present development and impose what ap- 
pears to be a permanent handicap on that of the 
future. Even where it is not so hot, but only con- 
tinuously warm, it is difficult to muster enthus- 
iasm for sustained effort, and much easier to put 
off until the tomorrow which never arrives the 
tasks which should be done today. Possibly this 
is one of the reasons why the populations of such 
areas are today of but slight and declining im- 
portance, whereas those hving where there is a 
considerable annual range of temperature have 
“inherited the earth." 

Elevation, Temperature, and Life. Tempera- 
tures normally decrease with elevation. There- 
fore highland areas have lower actual tempera- 
tures than do those at or near sea level in the 
same latitude. This decrease is at an average rate 
of about 3 degrees Fahrenheit for each thousand 
feet of ascent in the lower atmospheres, where 
man lives. Thus a city such as Quito, in Ecuador, 
at an elevation of 9350 feet, though only about 
12 miles from the equator, has an average annual 
temperature throughout the year of slightly less 
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Fig. 84. The zoning of native vegetation and cultivated crops resulting from elevation, in difEerent lati- 
tudes. 


than 55 °F. By contrast, Belem, in Brazil, in ap- 
proximately the same latitude as Quito but with 
an elevation of only 33 feet, has an average 
temperature which, day after day, is about 85°F. 
Not only does elevation depress actual tempera- 
tures, but it also operates to increase the daily 
range. This is because the earth’s land surface 
heats very rapidly during the daytime as a result 
of the relatively shallow layer of thin air over- 
head and radiation is correspondingly active, its 
effects being particularly marked after sunset. 


This increases the difference between day and 
night temperatures, or the daily range. 

The lower actual temperature and greater 
daily range at elevations affect the character of 
the native vegetation so that it is possible, by 
traveling short distances in tropical highland 
regions, to pass from areas with the luxuriant 
vegetation characteristic of rainy tropical low- 
lands, through others with plant species resem- 
bling those of intermediate latitudes, to the ice- 
covered slopes of summit elevations, even on the 
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equator, if the elevation is sufficiently great Agri- 
culture and the crops grown, as well as the native 
vegetation, likewise alter with elevation. The 
lowlands may produce rubber, bananas, and other 
crops typical of low-latitude agriculture; the 
intermediate elevations, wheat, maize, beans, and 
fruits; higher, grazing may supplant agriculture; 
and at still greater elevations, perpetual snow 
cover may prevent all productive use of the land. 

Tropical highlands of moderate elevation may 
be a more desirable home for man than are the 
bordering, hot and steaming, disease-ridden low- 
lands. Not only are temperature conditions there 
more conducive to comfort and stimulating to 
human endeavor, but grazing and agricultural 
activities made possible by the cHmatic condi- 
tions afford a more satisfactory basis for support 
and food supply than do those economic activi- 
ties possible in the tropical rain forest. As has 
been noted earlier, highland sites were preferred 
locations for early Indian civilizations of the 
Americas: those of the Aztecs of Mexico, and of 


the Incas on the Andean plateaus of South Amer- 
ica. In the higher latitudes, elevation does not 
have the advantages possessed nearer the equa- 
tor. In fact, it is in general a handicap, for it 
limits agricultural and other use of the land with- 
out compensating advantage. 

All highland areas of considerable elevation, 
both in the tropics and elsewhere, are affected 
adversely by their “thin’’ air, which renders physi- 
cal exertion difficult and makes performance of 
hard manual labor impossible for any except 
those populations native to such elevations. It is 
this thin air which makes ascent of lofty moun- 
tains so difficult, and that causes what is known 
as “mountain sickness.” Some individuals are 
affected so greatly by the lesser density of the air 
at elevations that they are unable to live even in 
a city such as Denver, Colorado, though it is 
only about a mile above sea level. The thin air 
likewise causes some minor inconveniences in 
everyday life, such as its effect on the boiling 
point of water and the operation of automobiles. 


QUESTIONS AND EXERCISES 


1. In what ways do climatic conditions affect 
plants^ What two climatic conditions will pro- 
duce deserts^ Do tliese effects of climate on 
plants extend to animals? If so, in what respects? 

2. How does the “plant factory” operate? What 
raw materials does it use, how and where are 
these obtained, what product is made, and what 
supplies the power? Durmg what part of the 
24-hour period of each day does the plant fac- 
tory operate? 

3. For what two purposes does the plant use 
“sugar” or the equivalent material which it pro- 
duces? What useful purpose does the seed serve 
from the standpoint of the plant? If possible, 
name some foods, other than beverages, green 
vegetables, and condiments, supplied by plants 
and used by man, which are not derived from 
seeds or some otlier structure developed by 
plants as a means of perpetuating the species. 
Are there many such foods? 

4. In what ways does the percentage of the possible 
hours of sunshine affect agriculture? Why is a 
high percentage of sunshine desirable? What 
part of the United States has the highest per- 
centage of the possible hours of sunshine? How 
high is this? 

5. Why does freezing commonly kill herbaceous 
plants? Why is a sudden drop of temperature 
more disastrous to such plants than a gradual 


lowering of temperature over an extended period 
of time? At what temperature, on the average, 
does plant growth stop? Are plants killed at this 
temperature? 

6. What is meant by the frost-free season? Why 
is its length of importance to man*^ How does 
great variability in length of the frost-free sea- 
son affect man unfavorably? 

7. In determining the length of the effective frost- 
free season, why is knowing the average length 
frequently of very little practical importance^ 
What should be known regarding the length of 
the frost-free season in order to have the in- 
formation necessary to plan intelligently for crop 
production? 

8. What is meant by temperature efficiency? What 
determines the temperature efficiency of a given 
area? How does low temperature efficiency 
handicap agricultural use of an area? 

9. How do low temperatures affect animals? State 
some of the beneficial effects of low tempera- 
tures on soils. How do low temperatures affect 
man? How is it possible for man to live at Verk- 
hoyansk, where January temperatures average 
nearly — 60° F 

10. How do high temperatures affect plants, ani- 
mals, man, and soils? Do high temperatures 
alone prevent human occupation of an area? 
Illustrate by examples. 
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11. Why are orchards planted on slopes normally 
free from frost danger and damage? How do 
lakes protect orchards along their shores from 
frost damage, both spring and fall? In what 
ways, other than by selection of a favored loca- 
tion, may frosts and frost damage be prevented^ 
Why does flooding of a cranberry bog tend to 
protect the crop from frost damagei^ 

12. Why do the vertical rays of the sun possess 
greater heating power than the oblique rays? At 
what time of day is heating most rapid? Why? 
Why does the coldest time of day occur after 
sunrise^ The hottest time of day after noon 
rather than at noon? How does daily range of 
temperature affect agriculture? 

13. Why is daily range of temperature normally 
greatest in dry areas, at some distance from the 
sea, and at considerable elevations? How does 
this great range of temperature affect living con- 
ditions in such areas? 
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14. What is the annual range of temperature at 
Quito? Why so small? What is the annua! tem- 
perature range at Verkhoyansk? Why so great^ 
In what ways does annual range of temperature 
affect man and his economic activities? 

15. Why does temperature normally decrease with 
elevation^ At what rate? How does change of 
temperature with ele\ ation affect native vegeta- 
tion and agriculture^ What type of native vege- 
tation would occur at an elevation of 14,000 feet 
near the equator? What crops at an elevation 
of 8000 feet? 

16. Why were areas of considerable elevation pre- 
ferred to adjacent lowland locations by the Az- 
tecs and Incas, inhabitants of the lower latitudes 
of the Americas? How and why is man handi- 
capped in living and working at great eleva- 
tions? Is this true for all population groups, in- 
cluding those native to areas of great elevation^ 
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Trewartha, G. T , An Introduction to Weather and 
Climate, McGraw-Hill Book Company, Inc., New 
York, 1943, Chap. I. 

The chapter suggested for reading is concerned 
with air temperatures. If additional reading on this 
topic is desired, the bibliography at the end of the 
chapter suggests some possibilities. 



chapter Twelve 

CLIMATIC ELEMENTS; ATMOSPHERIC HUMIDITY 

AND DUST 


Water and Its Forms. Water exists in nature in 
different forms at temperatures which are of 
normal occurrence in everyday life. Below 32 °F. 
it is commonly a solid, though it may likewise be 
present in gaseous form in the atmosphere. At 
temperatures between 32 ‘^F., its freezing point, 
and 212 °F., its boiling point, water may exist 
either as an invisible gas, as in the air, or in a 
liquid state. Above 212 °F., it usually assumes a 
gaseous form. However, in all these forms, sohd, 
liquid, gaseous, and the variations of each, it re- 
mains unaltered except in physical condition; 
and the different names, ice, water, steam, and 
others, are desirable only because all occur at 
temperatures within the range of daily experi- 
ence. 


WATER-HOLDING CAPACITY OF THE AIR 
AT SELECTED TEMPERATURES 


'Temperature 

Water-holding Capacity 

Fahrenheit 

in Grains per Cubic Foot 

-40° 

0 050 

-20° 

0 166 

-10° 

0 285 

0° 

0 481 

10° 

0 776 

20° 

1 235 

30° 

1 935 

40° 

2 849 

50° 

4.076 

60° 

5 745 

70° 

7 980 

80° 

10.934 

90° 

14.790 

100° 

19.776 


Water-holding Capacity of Air. From the pre- 
ceding table, it will be observed that the abihty 
of the air to hold water increases greatly as the 
temperature rises. For example, air at a tempera- 


ture of 100°F. can hold approximately 40 times 
as much water as air at 0°F. Because the abihty 
of air to hold water is so great at high tempeia- 
tmres, warm air ordinarily contains more water 
than cold air. For this reason, the amount of 
water in the air is normally greatest at the hottest 
time of the day and year and least at the time of 
day and year when temperatures are lowest. This 
small water-holding capacity of the air at low 
temperatures should suggest why cold areas m 
high latitudes always have light precipitation, 
whereas m low latitudes, where the air is warm, 
precipitation is frequently very heavy. It likewise 
explains in part why summer precipitation is 
often heavier than that of winter, and why there 
are few clouds at great elevations. The precipita- 
tion at Verkhoyansk in central Siberia, for ex- 
ample, illustrates the effects of low temperatures 
on both the distribution of precipitation and its 
total amount. During January, when the average 
temperature is --58.2°F., there is practically no 
water in the air, less in fact than in the air over 
equatorial deserts where temperatures are high. 
This is one reason why precipitation is only 0.2 
inches for the month. By contrast, during July 
in the same area, when the average temperature 
is 59.9 °F., the precipitation is 1.1 inches, or five 
and one-half times as great. Because of the gener- 
ally low temperatures which prevail throughout 
the year, however, the total annual precipitation 
is only 5.2 inches, which is less than that of most 
tropical deserts. 

This relationship between temperature condi- 
tions, the abihty of the air to hold water, and the 
possibihty of its loss by precipitation finds ex- 
pression in the weather proverb: 'Tt is too cold to 
snow.” Certainly, if temperatures are low, the air 
cannot hold nor can it lose much water, for it 
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Fig 85. Comparison of Tanuary and July relabve humidities as shown by the hvo maps above will reved 
marked seasonal differences which reflect botli temperature and wind effects. In the Dakotas and Mont^a, 
where a summer maximum of precipitation occurs. Janua^ relatn-e, though not 
SO per cent higher than tliose of July On the west coast where most of the 

ter months, January relative humidities are sometimes So per cent greater tlran during July. (After the At a 


of American Agriculture. ) 
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has little to lose. Therefore it may be at least too 
cold to snow very much. Thus temperatures 
influence the amount and distribution of precipi- 
tation, thereby making certain areas desirable 
and others undesirable for human occupation. 

Water Content of the Air: Absolute Humidity. 
Though not a component of the air, water is 
always present in the atmosphere in variable 
amounts. Therefore it is frequently desirable to 
be able to express quantitatively how much is 
present under the conditions existing at a given 
time. This may be done by stating the amount of 
water by weight in a given volume of air, for 
example, the number of grains of water per cubic 
foot of air. This is known as a statement of the 
absolute humidity of the air. 

Water Content of the Air: Relative Humidity. 
The water content of air may also be expressed 
as a percentage relationship between the amount 
of water by weight in a definite volume of air and 
the amount an equal volume of air could hold 
under the same conditions of temperature and 


pressure. For example, if 1 cubic foot of air at 
70 °F. holds 4 grains of water, it contains one-half 
or 50 per cent of what it is able to hold at that 
temperature. Therefore its relative humidity is 
said to be 50 per cent. Inasmuch as increase m 
temperature without other change enables air to 
hold more water but does not increase the actual 
amount present, raising the temperature de- 
creases the relative humidity; and, conversely, 
decreasing the temperature increases the relative 
humidity, if other conditions are not altered. It is 
also apparent that the relative humidity of air 
may be high when the absolute humidity is low, 
if the air is cold; and that relative humidity may 
be low when the absolute humidity is high, if the 
air is highly heated. From these facts it follows 
that relative humidity will normally be highest at 
the coldest time of the day and year, and lowest 
at that time of the day and year when maximum 
temperatures occur. This, it will be observed, is 
the reverse of conditions which obtain with abso- 
lute humidity. 



Fig. 86. This map shows that warm season evaporation varies greatly in different parts of the United 
States. Consequently the water requirements for a given crop will vary correspondingly. Comparison of this 
map with the one showing total precipitation for the year. Fig. 98, will reveal that warm season evaporation, or 
the possibility for such evaporation, exceeds the annual precipitation m some areas; m others it is less. Where 
in excess, agricultural use of the land is handicapped and possible only by the use of dry farming methods or 
with irrigation. (After the Atlas of American Agriculture.) 
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The Dew Point. If air at 70°F.5 which can hold 
approximately 8 grains of water per cubic foot, 
actually contains 4 grains per cubic foot, its rela- 
tive humidity will be 50 per cent. If this air is 
cooled to 40 °F., its relative humidity will become 
100 per cent, for at 40°F. it can hold only 4 grains 
of water per cubic foot (an approximation, for 
simplicity). If this air is cooled below 40°F., it 
will ordinarily no longer be able to hold all of the 
4 grains, for under normal conditions relative 
humidity cannot exceed 100 per cent. Therefore 
part of the water in the air will condense on sur- 
faces such as cold windows and cold water pipes. 
The temperature at which such condensation 
occurs is known as the ^'dew point.” 

Rate of Evaporation. Three factors important 
in determining the rate of evaporation are: (1) 
temperature of the air and the source of evapora- 
tion: (2) wind; and (3) relative humidity. Other 
conditions remaining constant, the higher the 
temperature the more rapid the evaporation, for 
high temperatures increase both loss from the 
source and the ability of the air to hold water. A 
strong wind likewise facilitates the passage of 
water from the liquid to the gaseous condition 
by removing saturated air from contact with the 
evaporating surface, replacing it with air which 
has the ability to absorb moisture, thereby main- 
taining constant evaporation. Relative humidity 
influences rate of evaporation by affecting the 
ability of the air to absorb moisture. When rela- 
tive humidity is high, for example, less additional 
water can be taken up by the air than would be 
the case were it low. What is meant by ''dry air” 
is air in which wet objects will dry rapidly, that 
is, air with a low relative humidity; “moist air,” 
or air in which wet objects will not dry rapidly, 
is air with a high relative humidity. Thus the 
optimum conditions for drying wet objects are a 
high temperature, a strong wind, and a low rela- 
tive humdiity. 

Instruments for Determining Relative Humid- 
ity. Most instruments for determining relative 
humidity depend upon the fact that evaporation 
is more rapid in dry than in moist air. They as- 
sume different forms and are given various names 
dependent on the type of the instrument, but all 
are included under the general name of “hygrom- 
eter,” or measurer of moisture. Sometimes, when 
designed for popular use, they are known by a 
trade name such as “Humidiguide,” descriptive 
of their function. 




130 ELEMENTS OF THE NATURAL ENVIRONMENT 


The type of hygrometer shown in Fig. 87, a 
sling psychrometer, consists of two thermometers. 
One, the '"dry^bulb” thermometer, is designed to 
record the air temperature. The other, the ‘wet- 
bulb” thermometer, has its bulb covered with a 
moistened wick. When this thermometer is 
whirled to promote evaporation, cooling pro- 
duced by evaporation from the wick causes it to 
register a lower temperature than that recorded 
by the dry-bulb thermometer. Since the rate of 
evaporation determines the amount of coohng, 
the drier the air, or the lower the relative humid- 
ity, the greater the difference between the read- 
ings of the two thermometers. Thus a considera- 
ble difference indicates a low relative humidity; 
a slight difference, a high relative humidity. The 
exact humidity indicated by the temperature 
difference registered is in practice obtamed from 
a table which supplies the relative humidity as a 
percentage. With instruments designed for popu- 
lar use, the humidity is generally registered 
directly by the instrument. 

Effects of Humidity on Human Comfort. The 
ordinary thermometer registers actual air tem- 
peratures, but that reported by the senses, or the 
“sensible temperature,” is often different, for it 
is determined by a variety of factors and par- 
ticularly by humidity. On a hot muggy day in 
summer, for example, when humidity is high, the 
sensible temperature will be higher than it would 
be were the relative humidity low and the air 
dry. This is because the high relative humidity 
prevents rapid evaporation and so deprives the 
body of the cooling effect of such evaporation, 
which goes on rapidly in dry air. The variable 
effect of different relative humidities on this cool- 
ing process is shown in the accompanying tabu- 


lation. 


Temperature after Lower • 

Atr 


ing by Evaporation 

Temperature, 

Relative 

{Reading of the wet-bull 

degrees 

Humidity, 

thermometer of a hygrom- 

Fahrenheit 

per cent 

eter, in degrees Fahrenheit) 

90 

71 

82 

90 

47 

lA 

90 

13 

60 


Data based on a barometric reading of 30 00 inches. 


To obtain some relief from oppressive heat 
when both the temperature and relative humid- 
ity are high, an individual may either fan himself 
or sit in the breeze of an electric fan. This does 
not alter the actual temperature of the air, but it 


does remove the air as it is heated by the body, 
and, more important, it increases the rate of 
evaporation of perspiration, thereby producing a 
considerable amount of cooling. Because of this 
function of evaporation, the high air tempera- 
tures of desert areas, where relative humidities 
are low, may be quite tolerable, whereas those of 
humid regions with somewhat lower actual tem- 
peratures may be veiy trying. 

As has been noted earlier, high air tempera- 
tures alone do not deter man from living in an 
area, for the highest known air temperatures are 
associated with low relative humidity and toler- 
able sensible temperatures as a result of that fact. 
In Death Valley, one of the hottest spots on the 
earth’s surface, for example, temperatures may 
rise to 112°F. in the shade many days each sum- 
mer, but the reading of the wet-bulb thermometer 
of the hygrometer on those same days will range 
from 70"^ to not more than 80 ®F. Even extreme 
temperataes as high as 118°F. or more are not 
intolerably hot, for the dew point will then be 
below freezing, and the wet-bulb thermometer 
may record a temperature as low as 70 °F. be- 
cause of the exceedingly dry air. Therefore, if 
one does not expose himself to the direct rays of 
the sun or to hot winds in such areas, he suffers 
relatively little discomfort and incurs essentially 
no iisk of prostration by heat. In fact, heatstrokes 
are rare in the dry West, with its high tempera- 
tures, though not uncommon in the humid eastern 
and central United States, where both actual and 
sensible temperatures may be very high during 
“hot waves,” or periods of high temperature 
during the summer months. 

Somewhat similarly, low temperatures cause 
less discomfort on a cold but dry and quiet 
winter day, or one with “dry cold,” than on one 
that is damp and “raw.” This is especially true if 
it is windy as well. This results from the more 
rapid loss of body heat at low temperatures when 
the air is moist and changes rapidly with a strong 
wind. From the standpoint of human comfort, 
then, sensible temperatures are more important 
than actual temperatures. This explains in part 
why areas with the same actual temperatures 
differ so greatly in relative desirability, and why 
an area may be sparsely populated because it is 
too wet: one of the three repressive types of 
environment. 

Indoor Humidity, During the summer months, 
indoor relative humidity averages higher than 
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that of outdoors because of the lower indoor 
temperatures. This is what causes doors to swell 
so that they will not close, or close with difficulty, 
and drawers to stick so that they will not pull out 
during humid summer weather. During the 
colder months of winter, however, when houses 
are heated, indoor relative humidities are fre- 
quently very low. This is especially true in the 
coldest weather, for the lower the outdoor tem- 
perature, the more frequent the interchange of 
indoor and outdoor air. If this air which is ad- 
mitted to the house from the outside has a tem- 
perature of 0°F. and a relative humidity of 50 
per cent, it contains approximately M of a grain 
of water per cubic foot, but, after being heated 
to 70 °F. indoors, it is able to hold about 8 grains 
of water per cubic foot. Therefore the relative 
humidity after heating drops to slightly over 3 
per cent. With further reduction of either the 
outdoor temperature or humidity, indoor relative 
humidities become even lower. This is the reason 
why a furnace-heated house, without any provi- 
sion for air conditioning, is sometimes said to be 
the driest place on earth, for the indoor humidi- 
ties under such conditions may be as low or even 
lower than in the driest of deserts. 

Such excessively low indoor relative humidity 
is detrimental. Evaporation is so rapid that wood- 
work and furniture dry out and joints open. The 
mucous membranes of the body likewise suffer 
from excessive loss of water; the throat becomes 
irritated and raw; and the incidence of colds is 
increased. Hands chap; the lips crack; and the 
air feels 'parched” or "burned,” causing personal 
discomfort. These low indoor relative humidities 
likewise result in low sensible temperatures which 
cause houses to be kept too warm in order to 
ensure comfort- This increases the fuel bill and 
intensifies the other disadvantages by promoting 
still more rapid evaporation. To remedy these 
objectionable conditions, it is becoming a com- 
mon practice to humidify the air but to accom- 
plish this in cold weather a surprisingly large 
amount of water must be added, for at such 
times the air changes at least every hour and 
sometimes as often as every 20 minutes in the 
average house. On the assumption of but one 
change each hour, if the outdoor air has a tem- 
perature of 0°F. and a relative humidity of 50 
per cent, and the indoor temperature is kept at 
70°F., to maintain a relative humidity of 50 per 
cent in a room 12 by 15 feet with a 9-foot ceiling. 


it is necessary to add approximately 9 quarts of 
water each 24 horns. 

Another problem which arises when humidifi- 
cation of the air is attempted is that of condensa- 
tion on cold surfaces: on windows, in the parti- 
tions, in the attic or under the roof, and in all 
other cold parts of the house into which the warm, 
humidified air finds its way. This condensation 
occurs in the form of frost which, on melting with 
higher temperatures, may cause considerable 
damage. This danger of objectionable condensa- 
tion imposes a hmit on the degree of humidity 
which can be maintained in practice, especially 
in areas with very severe winters. 

Some Additional Effects of Humidity. Relative 
humidity affects both plant structure and the 
water lequirements of crops, the latter being a 
factor in determining the crop system of a given 
area. Where relative humidity is low, as in the 
deserts of the lower latitudes, plants expose only 
a small amount of leaf surface. Otherwise, 
evaporation would proceed more rapidly than 
the plant could draw water from the relatively 
dry soil, and the plant would wilt and die. In 
humid areas, by contrast, an enormous amount of 
leaf surface must be exposed to permit sufficient 
evaporation from the plant for the effective func- 
toining of certain vital life processes. Thus plants 
show by their appearance whether they are native 
to areas of high or low relative humidity. 

The rate of evaporation likewise affects the 
water requirements of a given crop. When high, 
the crop requues much water; when low, it re- 
quires less. Thus in general it requires less water 
to grow a crop of wheat in Montana than it does 
in Texas, where higher temperatures decrease 
relative humidity and increase the rate of evapo- 
ration. These conditions permit greater diversifi- 
cation of agriculture in the higher latitudes, as 
well as enable agriculture without irrigation to 
push farther west in the northern than in the 
southern Great Plains region of the United States. 

The effect of humidity on the water require- 
ments of crops becomes especially important in 
those irrigated areas where practically all the 
water required for production must be purchased, 
for the more it is necessary to buy, the less profit- 
able is agricultural use of the land. Relative 
humidity may in this way become an important, 
or even a critical factor, in determining the pos- 
sibility of profitable agriculture in certain areas. 

Relative humidity likewise affects the fre- 
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Fig. 88. Typical dust storm, Baca County, southeastern Colorado. The dried-out soil, blown by the 
wind, decreases visibility, at times to zero. Note the drifts of soil around the fences and other obstructions. 
(Courtesy of the U. S. Soil Conservation Service.) 


quency and severity of dust storms and the prob- 
ability of forest fires, for when relative humidity 
is low, evaporation is rapid, and both soils in 
agricultural use and the loose material on the 
forest floor dry out rapidly. In the first instance, 
this creates conditions favorable for dust storms, 
as the dried-out soil is moved easily by the wind; 
in the second, it makes forest fires more apt to 
start and more rapid in their spread. 

Atmospheric Dust. Atmospheric dust is made 
up of solid particles which float in the air. These 
are so small that they are kept in suspension 
by air currents, so small in fact that they are 
invisible under most conditions. When a beam 
of sunlight crosses a darkened room, however, 
the air in its path is seen to be filled with thou- 
sands of them, all small but of varying size, and 
all in constant motion as air currents cause them 
to shift position. Though it is only in the path 
of the light that they are visible, the surrounding 
air is equally crowded with similar solid particles. 

Origin of Atmospheric Dust. Part of the dust 
consists of minute mineral fragments; another 
part is of organic origin. The particles of mineral 


matter probably come from the exposed soil of 
some diied-out field. Along the seacoast, they 
may even include salt grains left in the air by the 
evaporation of wind-driven ocean spray. Some- 
times, also, part of the dust is finely fragmented 
material ejected at the time of a violent volcanic 
eruption such as that of Krakatoa, described in 
an earlier chapter. During this particular erup- 
tion, dust is known to have risen to great heights, 
to have spread far and wide over the surface of 
the earth, and to have remained in the air for 
several months. The organic particles of the dust 
may be fragments of disintegrating plant or ani- 
mal material; soot from forest fires, plant spores; 
or microorganisms, including disease-bearing 
bacteria. In addition, human occupation of the 
earth has in recent years added another impor- 
tant source of atmospheric dust: soot from chim- 
neys, particularly important both in and near 
our larger industrial centers, for the smoke of 
industry is often visible miles beyond city limits. 

Amount of Atmospheric Dust. The amount of 
atmospheric dust varies greatly from place to 
place. In the upper air, around high mountain 
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peaks, in the Arctic and Antarctic, and over the 
oceans, the air is relatively free from solid par- 
ticles, for a near-by source of supply is lacking. 
Elsewhere, and especially where man occupies an 
area in considerable numbers, there is much dust 
in the air. Even agricultural practices add large 
amounts, for with each plowing or other working 
of moderately dry soil, a cloud of dust marks 
the course of cultivation. With important indus- 
trial development, conditions become much 
worse. A pall of smoke then blankets the earth’s 
surface, sometimes to an extent that artificial 
illumination becomes necessary when the un- 
obscured sun is shining brightly elsewhere. 

The amount of dust in the air likewise varies 
from time to time m the same place. Durmg 
forest fires, for example, there may be so much 
smoke in the air that it will be hazy many miles 
distant from the actual fire, even to the point of 
reducing visibility to an extent that traffic be- 
comes hazardous and lights must be burned at 
midday. By contrast, after a rain the air has been 
‘washed,” and a large part of the dust has been 
removed. Similarly, during periods of calms 
much of the dust in the air settles to the ground. 
In most cases, the amount of dust lost in this way 
is not large, but after a severe dust storm the 
quantity may be considerable, so great indeed 
that over an extended period of tune a layer 
many feet in thickness, from which soils are de- 
rived, may accumulate from a succession of such 
storms. This is true on the plains of North China, 
where strong, dust-laden winds blow from the 
interior of Asia during the winter months of the 
year. 

Smoke in City Air. There is much smoke in the 
air of all our great industrial cities, so much that 
the yearly loss caused by soot, the unburned 
particles of carbon making up smoke, is esti- 
mated at $2,500,000,000. Part of this loss results 
from the fact that smoke represents unburned 
fuel, but the larger part is caused by the direct 
damage to buildings, vehicles, house furnishings, 
clothing, and by increased light bills. Important 
also is the fact that smoke affects both efficiency 
and health conditions adversely. 

No large city is completely free from smoke, 
but the amount of soot in the air varies greatly 
in different urban centers. Where good grades 
of coal are burned, and city ordinances which 
are enforced prohibit apartment houses and fac- 
tories from belching forth great clouds of smoke 
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from their chimneys, conditions are fairly good, 
where low-grade coal is burned, and no steps 
are taken to abate the smoke nuisance, conditions 
are deplorable. Therefore even relatively small 
urban centers may suffer a considerable handicap 
as a result of too much smoke in the air. 

In 1930, St. Louis afforded an excellent illus- 
tration of undesirable smokiness. Conditions were 
so bad, indeed, that downtown visibility was 
sometimes less than a quarter of a block, and it 
was necessary to burn lights in the middle of the 
forenoon. Even the residential sections were 
blanketed to an extent that the sun was obscured, 
though shining brightly in suburban areas. Such 
“blacking out” finally forced remedial action, so 
that conditions are now much better, though still 
not ideal. 

Other large industrial centers are similarly 
afflicted. As one approaches the city from the 
west, the smoke of Detroit is plainly visible at 
least 10 miles beyond the city limits. In Chicago, 
it is estimated that 395 tons of soot fell on each 
square mile of the city area in 1941, and 1000 
tons, or enough to fill 20 railroad cars, on the 
streets, building, merchandise, and people of the 
loop district. Yet conditions are no worse, nor 
even so bad, in Chicago as in some other cities. 
In Pittsburgh, widely but not favorably known 
for its smokiness, the amount of soot deposited 
per square mile of city area is estimated to rise 
to 1000 tons. Even in the suburbs there is so 
much soot in the air that nearly 20 quarts of dirt, 
mostly soot, can be filtered from the air of an 
eight-room house in the course of a year. If such 
filtration of the air were a common practice, even 
though it did not remove all the solid particles, 
much work and expense would be saved, and 
probably better health conditions would be en- 
sured. 

Importance of Dust in Nature and to Man. 
Apart from the economic importance of soot 
which has been considered briefly, the atmos- 
pheric dust fills several functions. First, it sup- 
plies sohd particles which serve as nuclei around 
which water condenses to form the droplets of 
fogs and clouds, and the larger drops of water 
which fall as rain. It also gives us the color of the 
sky and the phenomenon of twilight. Therefore 
dust-free air, though possibly desirable in some 
respects, would alter some of the phenomena 
and the appearance of nature materially, and 
probably aot to our advantage or liking. It is to 
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be noted, then, that dust in the air is not neces- produced by minute grains of mineral matter 
sarily objectionable, but that it becomes so when derived from the soil, plus some organic material 
the amount increases unduly, and particularly not necessarily detrimental in character, which 
when much of the dust is soot, which may, and make up most of the dust of sparsely populated 
often does, have effects quite different from those regions. 

QUESTIONS AND EXERCISES 


1. What effect does temperature have on the abil- 
ity of the air to hold water? How does this affect 
absolute humidity at the hottest time of day^ At 
the coldest time of day? In summer^ In winterf^ 

2. Why is precipitation normally heavier m low 
than m high latitudes^ What is the basis for the 
weather proverb. *'It is too cold to snow”? Is it 
actually ever too cold to snow? 

S. What is meant by ‘'dry air”? By “moist air”? 
Do these descriptions of the moisture character- 
istics of the air refer to its absolute or its relative 
humidity^ Why^ At what time of day will rela- 
tive humidity be highest on the average? At 
what time of day will it be lowest^ Why^ 

4. Under what conditions may the relative humid- 
ity be low, the absolute humidity fairly high^ 
Name an area where these conditions occur 
Under what conditions may the relative humid- 
ity be high and the absolute humidity low^ 
Name an area where these conditions occur. 
During what season of the year will they be most 
common? 

5. How does the absolute humidity of the air over 
polar areas in winter compare with that of the 
air over deserts m lower latitudes'^ How do 
such conditions affect precipitation and its sea- 
sonal distribution^ Illustrate by using the pre- 
cipitation of Verkhoyansk as an example. 

6. State the factors which affect the rate of evapo- 
ration and explain how each operates. 

7. Name the instrument used m determining rela- 
tive humidity Explain the principle upon which 
the sling psychrometer operates 

8. How does relative humidity affect human com- 


fort outdoors in winter? In summer? Why^^ Why 
is indoor relative humidity in heated houses dur- 
ing the winter months detrimental to man^ Why 
is it impracticable to maintain a high indoor rela- 
tive humidity during tlie winter months where 
temperatures are very low? 

9. How do humidity conditions affect agricultural 
practices, yields, and profits^ Why is relative hu- 
midity of the air especially important m irri- 
gated areas of dry regions? 

10. What effect, if any, does relative humidity have 
on the prevalence of dust storms and forest fires? 
Why is it difficult to bung forest fires under con- 
trol during periods of low relative humidityi^ 

11. Of what does the dust of the atmosphere con- 
sist^ What makes up the bulk of the dust of the 
air outside of large cities^ Of that of the air of 
large cities^ What components of the dust of the 
air are harmfuP Why? 

12. Over what parts of the earth’s surface is the air 
relatively free from dust? Why^ Is the amount of 
dust in the air over a given area constant^ If 
variable in amount, whyf^ 

13. What is smoke^ How much damage is smoke 
estimated to cause each year m the United 
States? What causes this enormous financial 
loss? Why do cities vary greatly in smokiness^ 
Illustrate this variation by examples. 

14. Does atmospheric dust serve any useful func- 
tion? If so, what? For what phenomena of na- 
ture is atmospheric dust necessaryf^ If all dust 
were removed from the atmosphere, what 
changes would you observe m nature? Would 
these be to your likingt^ Why? 
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chapter Thirteen 

CLIMATIC ELEMENTS: FOGS, CLOUDS, 
AND PRECIPITATION 


Condensation of Atmospheric Moisture. When- 
ever the temperature drops so much that the air 
cannot hold all of its gaseous water content, part 
may condense around dust particles present in 
the air. This process is particularly rapid if many 
of the solid particles making up the dust are 
hygroscopic, or capable of absorbing water. 
Since such hygroscopic particles are present in 
considerable numbers in all surface air, con- 
densation will always occur if the temperature 
IS lowered sufficiently. The drops of water formed 
in this manner are very small, ranging from 
1/1250 down to 1/25,000 of an inch in diameter 
so that, like the dust particles, they remain in 
suspension in the air. When this condensation 
of water from the air occurs at or near the earth's 
surface, a fog results; when at some distance 
above the ground, a cloud is formed. In fact, 
there is no fundamental difference between a 
fog and a cloud except that of location with 
reference to the earth's surface, a fog may even 
be described as a ‘'stratus cloud near the ground" 
with essential accuracy. 

Fogs. Fogs, then, result from cooling the air 
and condensation of gaseous water the air is 
unable to hold at the lowered temperature. They 
are, therefore, of more frequent occurrence in 
depressions, as over marshes and lakes, than on 
adjacent higher land because, as air cools, it 
flows down the slopes and accumulates as pools 
at the lower levels. This cooler air in depressions, 
no longer able to hold all of its water, loses part 
and fog forms. 

The minute drops of water which make up fog 
form around dust particles, as stated earlier. 
Therefore the more such sohd material in the air, 
the greater the probability of dense fogs. Many 
cities are very smoky, their air containing enor 


mous numbers of particles of soot which facilitate 
condensation of moisture when the temperature 
is lowered. Further, the smoke darkens the fog 
and decreases visibility. Under such conditions, 
the fog which results is sometimes known as 
“smog," the name being derived by oombining 
parts of the two words: smoke and fog. London's 
celebrated “pea soup” fogs, which are of this 
type, are probably the densest in the world, so 
dense as to interfeie seriously with traffic. 

Fogs may disappear by either “falling” or “ris- 
ing.” When they fall, it is because the drops of 
water become too large to be kept in suspension 
by air currents. Therefore they drop to the 
ground, wetting walks and other surfaces. When 
fogs rise, the water returns to the air from which 
it was condensed, as the sun rises and the tem- 
perature increases to an extent to enable the air 
to hold the moisture. A falling fog indicates that 
the air is saturated with water, one that rises, 
that the air is able to hold more moisture. The 
former is an indication of probable precipitation 
and bad weather, the latter, of clear weather to 
follow. 

Seasons of Occurrence of Fog. Fogs are more 
common in most areas during the colder part of 
the year, for conditions favoring condensation 
are less frequent when the air is warm, at which 
time its moisture-holding capacity is high. Thus 
the dense fogs of the Puget Sound region of the 
United States are much more numerous during 
the colder months than in summer, for from early 
fall until late spring the relatively warm, mois- 
ture-laden winds bringing air from over the ocean 
are cooled by contact with the considerably colder 
land. Further, relative humidity is higher at this 
time of the year. (See Fig. 85.) Therefore a slight 
lowering of temperature will produce condensa- 
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Fig. 89. The average number of days with dense fog each year varies from less than 5 in the western 
Great Plains to more than 40 along parts of the coast of Maine and most of the Pacific coast of the United 
States. A dense fog is defined as one thick enough to obscure vision at a distance of 1000 feet. (After the 
U.S. Weather Bureau. ) 

tion, whereas in summer the cooling must be unknown, however, and, in certain areas, as along 
greater because of the lower relative humidity the coast of California and the shores of Lake 
during the warmer months. Summer fogs are not Superior, they are both frequent and often dense. 
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The coastal fogs of California are caused by com- 
paratively warm, moisture-laden sea breezes 
blowing over cold water which wells up along the 
land margin. This causes fogs, densest from 4 to 
6 miles offshore, but affecting a narrow strip of 
land west of the Coast ranges to an extent that 
visibility is often low. Inland, there is no fog, for 
it is ‘"dissolved” by the highly heated air of the 
interior valley. The summer fogs along the north 
shore of Lake Superior, where fog appears to pour 
in from the lake and through breaks in the bor- 
dering highland afforded by river gaps, only to 
be dissipated a few miles inland, are caused by 
condensation of water fiom the warm air over the 
land by cool lake breezes. 

Areas of Occurrence of Dense Fogs. One type 
of area where fogs are more than ordinarily preva- 
lent is west-facing coasts in the higher middle 
latitudes, such as the west coast of North America 
from central California to the Aleutian Peninsula 
of Alaska, the west coast of southern Chile, and 
the coasts of northwestern Europe, These areas 
lie in latitudes where the winds blow prevailingly 
from the west, bringing relatively warm, mois- 
ture-laden air to the colder land, where the 
moisture is condensed to appear as fog, espe- 
cially during the winter months. Another type 
of area with much fog is located where warm and 
cold ocean currents meet, for example, in the 
vicinity of Labrador and Newfoundland, where 
the Gulf Stream and the Labrador Current make 
contact, and off the northern island of Japan, 
Hokkaido, where the Kuroshio, or Japan Stream, 
meets the Owashio, or Okhotsk Current. Other 
parts of the world where fogs are frequent and 
dense are along the coasts of Peru and northern 
Chile; in Southwest Africa, south of the equator; 
and, to its north, along the west coast of Morocco. 
Despite the fact that these are dry or even barren 
desert areas, with rain almost unknown, the mois- 
ture imported by sea breezes makes the climate 
unpleasant, and, according to Kendrew, so damp 
that iron rusts rapidly and fabrics and leather 
mold. In the United States, heavy fogs are nu- 
merous on the coast of Maine, along most of the 
Pacific coast, and on the shores of Lake Superior 
and the other Great Lakes. They are likewise of 
frequent occurrence in the rough country of the 
southern Appalachians and the Allegheny-Cum- 
berland Plateau, where topographic conditions 
favor concentration of cold air and consequent 
condensation of moisture. 


Economic Significance of Fogs. Fogs are sel- 
dom, if e\er, of economic benefit When they 
occur in summer, they handicap agriculture by 
limiting the number of crops it is possible to 
grow at a profit and by affecting yields adversely. 
In certain areas, as in the eastern portion of the 
northern island of Japan, Hokkaido, they elimi- 
nate agriculture completely. At all times of the 
year, fogs multiply the hazards of transportation 
and tiavel on the land, by air, and over tiie great 
ocean highways of the North Atlantic and other 
seas by decreasing visibihty’’ and increasing the 
danger of collision and shipwTeck. Because of the 
difficulty of landing planes dming fogs, consider- 
able expenditures of time and money have been 
made to discover means of dissipating them over 
flymg fields, without much peacetime success as 
yet, though expeiimentally feasible and possible 
if the cost is immaterial, as during war. Locally, 
as along the north shore of Lake Superior, where 
the resort business is an important source of local 
income during the short summer season, fogs 
decrease the trade and receipts of hotels, lodges, 
and camps, even causing them to operate at a loss 
during an occasional summer with more than a 
normal amount of foggy weather. Fogs are also 
generally thought to affect health conditions un- 
favorably because they cut off sunlight, and they 
always increase living costs by making artificial 
illumination necessary during the daytime. 

Clouds. When condensation of water from the 
air occurs at some distance above the surface 
of tlie earth, the resulting phenomena are known 
as “clouds.” These are named according to their 
appearance, form, and arrangement If the cloud 
results from an ascending convection current, 
an air movement caused by temperature differ- 
ences, condensation will begin at an elevation 
varying from 1800 to 4000 feet, dependent on 
temperature and humidity. Above the horizontal 
base, located at the level at which condensation 
begins, the cottony-appearmg masses of the so- 
called “cumulus” cloud extend to great heights, 
often several miles. Low-lying clouds, normally 
not much more than 1000 feet above the earth’s 
surface, if arranged in bands or layers are known 
as “stratus” clouds, but, if they are thin and 
fleecy, and at elevations of 5 miles or morQ, they 
are called “cirrus” clouds. At such great heights, 
temperatures are so low that water freezes. 
Therefore cirrus clouds are composed of minute 
particles of ice rather than of water in a liquid 



Fig. 91 Cumulus clouds (Courtesy of the U S. Weather Bureau.) 
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Fig 93. Cirrus clouds, tufted form. (Courtesy of the U. S. Weather Bureau ) 


condition. Transitional cloud forms are named 
by using one of the preceding cloud names, or 
some term such as ‘‘fracto,” broken, or " nimbo,’^ 
ram~bearing, as an adjective, and one of the cloud 
names as a noun. Thus we have strato-cumu- 
lus, cumulo-stratus, cirro-cumulus, fracto-stratus, 
nimbo-stratus, and other similar descriptive desig- 
nations of the intermediate or transitional cloud 
forms. 

Clouds are of great importance, for they are 
the immediate source of precipitation. They like- 
wise affect man by being a factor in determining 
the percentage of the possible hours of sunshine, 
thereby limitmg crop systems and crop yields. 
They also affect the amount of artificial illumina- 
tion necessary, and man s productive capacity. 
They may even decrease the attractiveness of an 
area, for few people prefer a region character- 
ized by much cloudy, gloomy weather. Possibly 
even the reputed dourness and taciturnity of cer- 
tain population groups may be a reflection of the 
weather conditions of their home area, as is be- 
lieved by some "authorities.’’ 

Frecipitation. Precipitation, or deposition of 
water in either liquid or solid form, results from 


cooling the air in some manner. This may occur 
either near the ground or aloft. In the latter case, 
water particles lost by the air at some distance of 
the earth’s surface become of such size, either 
from accretion by continued condensation or by 
coalescence, that they will not remain in suspen- 
sion to form cloud or fog. 

Four important aspects or characteristics of 
precipitation are: (1) form, (£) intensity, (3) 
distribution, and (4) amount. Lack of informa- 
tion concerning any one of these four character- 
istics of the precipitation of a given area may 
lead to an erroneous conclusion regarding the 
desirability of the precipitation of that area. 

Form of Precipitation. Precipitation may occur 
as dew or frost, rain, sleet, hail, or snow, the 
exact form varying with temperature, place, and 
other conditions associated with the lowering of 
temperature. 

Dew or frost will occur when the air imme- 
diately above the surface of the ground becomes 
saturated with water. Under such conditions, 
water taken up from the soil by plants and 
given off by their leaves or other evaporating 
surfaces is not absorbed by the air and therefore 
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accumulates on the plants. In this case, the 
source of the water is the soil. Under other 
conditions, the dew may represent water con- 
densed from the air immediately in contact 
with the ground, and, under exceptional con- 
ditions, from a layer not to exceed 3 or 4 feet 
in thickness. The “gently falling dew” is a figure 
of speech. If temperatures remain above 32° F., 
this precipitation will be in the form of dew; 
if below 32° F., frost, which is not frozen dew 
but a du'ect deposition of water in sofid or 
crystalline form. Dew and frost are more apt to 
occur on clear, quiet nights than when there 
is a wind or the sky is cloudy, the latter condi- 
tions tending to prevent coohng of the surface 
air to the dew point. As has been noted in an 
earlier chapter, certain methods of preventing 
frost are based upon the fact that checking too 


rapid radiation will be effective in preventing 
coohng and condensation of water. 

Rain occurs when the temperature of the air 
at some elevation above the ground is lowered 
sufficiently to produce precipitation of water m 
a hquid form. This may result from cooling in 
ascending convection currents, from lowering of 
temperature by the forced ascent of air over 
major topographic irregularities, or by cooling 
resulting from importation from higher latitudes 
of large masses of colder air which force warm 
surface air aloft, thus lowering its temperature 
and producing condensation of water. The first 
of these two causes produces local storms or 
thunderstorms, the latter two, more general rains. 
Heavy and protracted rains can occur only with 
a continued renewal of the water supply and a 
continuation of the cooling. This becomes evi- 



Fig. 94. Just as the year 1943 was drawing to a close, a severe sleet storm struck southern New England, 
with Connecticut and Massachusetts hit worst Telephone and telegraph wires, swelled with ice to the thick- 
ness of a man's wrist, broke and disrupted service Pavements were covered with sheets of glare ice and 
blocked by fallen branches and toppled poles Electric wires fell down, halting work in factories and stopping 
oil-burning furnaces, thus forcing an unwanted saving of fuel. It was even reported that “the sudden ice froze 
barnyard birds fast m their tracks " In the scene above, tlie lovely elms which lent attraction to the streets of 
Litchfield, Connecticut, have literally been stripped limb from limb. ( Courtesy of R A Benson, Jr. ) 
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Fig. 95. Tobacco destroyed by hail. Most of the leaves have been stripped off completely, those that re- 
main have been slit so badly that they are valueless. (Courtesy of the Rain and Hail Insurance Bureau ) 


dent when it is appreciated that 1 inch of rainfall 
represents a fall of 72,300 tons of water to the 
square mile, or over 19,000,000,000 tons for a 
state the size of Texas. Attempts to produce 
conditions which will cause precipitation of such 
enormous amounts of water by artificial means 
are futile; only the enormous forces of nature 
are competent to ensure such results. Under ex- 
ceptional conditions, and with certain types of 
clouds, precipitation may be induced by ‘"sowing"’ 
the cloud with dry ice. At the present time, this 
method of producing precipitation is in the ex- 
perimental stage, and its future practical value 
remains to be proved. In general, it is still true 
that "rainmakers” obtain a following only because 
many people will apparently believe anything 
provided it is sufficiently incredible. Rain is bene- 
ficial to vegetation and therefore to man, except 
as it may occur during the flowering or fruiting 
season. Therefore regions of abundant but not 


excessive rainfall are in general areas of attrac- 
tion to man. 

Sleet, in a restricted use of the term, is pre- 
cipitation which occurs in the form of ice part- 
icles, in popular usage, it also includes rain which 
falls and solidifies on trees, pavements, and other 
cold surfaces when lower air temperatures are 
below freezing. Sleet storms introduce danger in 
traffic, tlie film of ice on road surfaces making 
driving hazardous. They also cause much prop- 
erty damage, the weight of the accumulated load 
of ice often stripping trees of their branches, thus 
ruining orchards. Similarly, the load of ice on 
wires may disrupt telephone and telegraph serv- 
ice, and even block highways when the ice-laden 
wires pull down the supporting poles. Fortu- 
nately, these storms are confined to the colder 
months of the year, hence they do not damage 
crops. 

Hailstorms occur when precipitation is in the 
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form of globular masses^, apparently of ice, but in 
reality made up of concentric layers of compact 
snow and clear ice, which fall only at times of 
thunderstorms, their formation resulting from ex- 
treme turbulence within the cloud mass where 
they originate. In the process of formation, the 
individual hailstone alternately rises and falls, 
carried aloft by ascending air currents, falhng 
in response to the pull of gravity. With each 
upward movement, it acquires an additional 
layer of snow or ice, thus increasing in size until 
finally it becomes so large that it falls to the 
ground. Hailstones /2 inch in diameter are rela- 
tively common; some with diameters of between 
4 and 5 inches have fallen at times of great 
atmospheric disturbance. Occurring as they do 
for the most part during the warm season, hail- 
storms cause an enormous loss, estimated to be 
in the neighborhood of $100,000,000 annually 
for the United States, and about $4,500,000 for 
Iowa alone. In a single storm of this type which 
occurred at Albert Lea, Minnesota, m May, 1945, 
some of the hailstones were the size of eggs. 


Windows were broken, many of the streets of 
the business section were so littered with glass 
that vehicular traffic was interrupted for several 
hours, not a roof in town escaped damage. Fruit 
trees were stripped of blossoms and bark, 15 per 
cent or more of the crops of the surrounding 
farming area were destroyed. Even birds were 
killed in considerable numbers. In all, the damage 
by this one storm totaled approximately $1,- 
000,000, an amount exceeded in numerous in- 
stances. 

Though hailstorms cause considerable prop- 
el ty loss in towns, the major damage is to crops. 
Corn is stripped of its leaves and killed, cotton 
is ruined in similar fashion. With a crop such as 
tobacco, the leaves of which are marketed, loss is 
often complete. Even fruit crops do not escape, 
quite apart from damage to blossoms and trees, 
for hailstones often pit pears and other tree 
fruits so badly that they are unsalable and cause 
even greater damage to strawberries and toma- 
toes. Fortunately, many of the more severe hail- 
storms occur in the drier, less desirable agricul- 
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Fig. 96 Winter travel in northwestern Siberia, in the Nenets national district of the U S S R During the 
winter months, when the ground is frozen and snow-covered, travel across country by reindeer-drawn sledges 
is possible, even without good roads. ( Courtesy of Sovfoto. ) 
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tural areas of the Great Plains, as in western 
Kansas, where the type of storm with which hail 
is associated is not uncommon. 

Precipitation at temperatures below freezing is 
commonly snow, a crystalline form of water. As 
has been noted earlier, when temperatures are 
low, snowfall is never heavy, but light snow has 
been known to fall at --52° F. Therefore it is 
never “too cold to snow,’’ but only too cold for 
heavy snowfall. Snow is generally beneficial, 
forming a blanket which protects the ground and 
plants from sudden and great changes in tem- 
perature, thus preventing ’winterkilling of grass 
and crops. When it falls in mountain areas in 
which streams head, melting of the snow supplies 
water to the rivers during the spring and summer, 
thereby regulating their volume and increasing 
their desirability for various types of use. Snow 
likewise supplies an appreciable amount of water 
for crops in agricultural areas, provided runoff 
is not too rapid. Snow also makes hea'vy hauling 
practicable where roads are normally poor. In 
large urban centers such as New York City, how- 
ever, heavy snowfalls impede traffic and entail 
much expense for their removal, in which re- 
spects they are detrimentah 


Intensity of 'Precipitation, Precipitation varies 
with respect to mtensity from a mist, in which the 
minute drops of water measure only 0,004 of an 
inch in diameter, to violent thunderstorm down- 
pours, with raindrops 0.2 of an inch in diameter, 
with all gradations between these two extremes, 
neither of which is as beneficial as showers of 
moderate intensity. Too much mist creates an im- 
pression of too much ram, whereas this may not 
be true. An example oi such a condition is 
afforded by the Seattle area, which has an aver- 
age of 151 ramy days a year; a total annual 
precipitation of 34.03 inches, not an excessive 
amount, and an average precipitation of less than 
0.23 inches during each rainy day. Such condi- 
tions limit crop production, not because precipi- 
tation is too great, but because the large number 
of rainy days affects agricultural potentialities 
adversely by decreasing the amount of sunshine. 
By contrast, at Opid’s Camp, in the Big Santa 
Anita Canyon, southern California, over 1.02 
inches of ram fell in 1 minute in April, 1926; in 
the Cherrapimji Valley of northeastern India, 
42 inches of rain have fallen in one day. Such 
torrential do\vnpours cause much damage. 

In the oases of dry areas, where water for crops 






144 


ELEMENTS OF THE NATURAL ENVIRONMENT 

AVERAGE MONTHLY PRECIPITATION IN INCHES 


Jan. 

Sacramento 3 7 
Bismarck 0 45 


Feb. 

Mar. 

Apr 

30 

2 6 

1.5 

0 44 

0.89 

1 52 


May June July 

08 01 00 

2 32 3 35 2 35 


Aug. 

Sept. 

Oct. 

00 

04 

0 09 

1 82 

1.23 

0 094 


Nov. 

Dec. 

Tear 

1 9 

30 

17 9 

0 57 

0.57 

16 34 


is not supplied by local rainfall except in small 
part, but is drawn from wells, springs, or rivers, 
and where violent rains are the usual type, the 
damage they cause is so great that the inhabitants 
of such areas are reported to pray that it will not 
rain. Desirable intensities of precipitation lie 
between the two extremes; the optimum would 
be the heaviest fall within a given time which 
could be obsorbed effectively by the soil, without 
objectionable runoff. 

Distribution of Frecipitation. Both the time 
and regularity of occurrence of the precipitation 
of an area aie important to all life forms, includ- 
ing man. Precipitation is most beneficial when it 
occurs during the season of plant growth, least 
when it occurs during the colder months of the 
year, when water requirements of plants are small 
or when plant growth ceases. Inspection of the 
accompanying tabulation of the precipitation of 
two places with approximately the same amount 
of rainfall will show a marked difference in dis- 


tribution with reference to the frost-free season, 
with a consequent difference of effectiveness in 
crop production. Sacramento, California, receives 
84.3 per cent of its precipitation during the cold 
season, October to March inclusive, Bismarck, 
North Dakota, 76.3 per cent during the warm 
season, April to September inclusive. The latter 
place, therefore, is favored by comparison with 
Sacramento in respect to distribution of precipi- 
tation with reference to the frost-free season. 

Regularity of occurrence, both from year to 
year and in time of occurrence within the year, 
is important. Where rainfall varies greatly in 
amount from year to year, or in time of occur- 
rence within the year, the departure from the 
average is often so great that no basis for intelli- 
gent planning is available. At Miles City, Mon- 
tana, for example, the average precipitation for 
the 50-year period ending in 1930 was 13.23 
inches, probably ample for the production of 
certain crops in view of the latitude and the rate 



Fig. 98. Average annual precipitation for the United States. (After the Atlas of American Agriculture.) 
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MEAN ANNUAL 
RAINFALL 



Fig. 99 Average annual precipitation for the world. ( After various sources. ) 


of evaporation. However, inspection of the 
record, Fig. 97, shows that this amount was not 
received in any single year; actual amounts re- 
ceived varied from less than 9 mches, too httle 
to grow crops successfully, to nearly 23 inches, 
considerably more than necessary. Further, there 
was no regularity in this departm*e from the 
average. Series of diy and wet years alternated, 
it is true, but without uniformity in lengtli. 
Under such conditions agriculture becomes haz- 
ardous, for losses in diy years too often more 
than offset the profits of those years when rain- 
fall is ample. It is this lack of dependabihty of 
total precipitation which introduces the major 
gamble into agriculture in much of the Great 
Plains region. 

Amount of Precipitation The amount of pre- 
cipitation is variable, not only for a given place 
but likewise from place to place on the earths 
surface, being affected by latitude, distance from 
the sea, prevailing wmd direction, ocean currents, 
and topography. In general, the precipitation of 
low latitudes is greater than that of high lati- 
tudes; and that of coastal regions exceeds that 
of continental interiors, far from the ocean, the 
ultimate source of all our rain. Wind direction 
influences the amount, for onshore winds are 
moisture-laden; offshore winds are normally low 
in water content. Warm alongshore ocean 
currents tend to increase precipitation by afford- 
ing a supply of warm, moisture-laden air which. 


on cooling over land, will lose water; cold cur- 
rents, on the contrary, tend to decrease precipita- 
tion over the land, the cold air over them being 
relatively low in water content. Topographic con- 
ditions affect precipitation by causing ascending 
and descending air currents. When air rises over 
a mountain barrier, it is cooled and may lose 
water; when it descends, it is warmed and the 
air becomes drier. Thus the side of a highland 
barrier facing the direction from which the pre- 
vaihng winds blow is generally well watered, 
the lee side is dry and said to be in the Vain 
shadow.” For example, at Sacramento, in the 
Valley of California to the west of the Sierras 
and about 25 feet above sea level, the rainfall is 
about 18 inches; at Summit, Truckee Pass in the 
Sierras, at an elevation of approximately 8000 
feet, 26 inches; and at Reno, to the east of the 
Sierras and in the ram shadow, only 6 inches. 
Some of the heaviest precipitation in the world 
occurs on the wet side of such topographic 
barriers in the tropics; some of the lightest known 
anywhere in the world in the rain shadow of 
these same barriers. 

In parts of Central and South America, on 
the south slopes of the Himalayas, in parts of 
the East Indies, and along the Gmnea Coast of 
Africa, all in the tropics, the average annual 
rainfall is in excess of 100 inches. In intermediate 
latitudes, the rainfall at elevations on west-facing 
coasts backed by highland barriers is likewise 
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^^ery heavy, often ranging from 80 to 100 mches 
or more. 

In such areas with heavy lainfall the following 
extremes of precipitation are noteworthy: Cher- 
rapunji, India, with an average annual rainfall 
of 458 inches, but with 905 inches in the rainiest 
year; Mt. Waialeale, Kauai, in the Hawanan 
islands, 451 inches; and Glenora, Oregon, 131 
inches. Record falls of rain for one month in- 
clude: Cherrapunji, India, 375 inches, Manoyu- 
ram, India, 264 inches; and Helen Mine, Cah- 
fornia, 71 inches. The heaviest rainfall of record 
for one day is 46 inches at Baguio in the Phihp- 
pines, with that of 42 inches at Cherrapunji only 
slightly less. 

At the other extreme, many desert areas are 
almost rainless. The average annual rainfall at 
Greenland Ranch, Death Valley, Cahforma, for 
example, is only 1.45 inches; that at Iquique, 
Chile, 0.6 inches; at Arica, also in the Atacama 
Desert, 0.02 inches. At Iquique, 14 years have 
been known to pass without rain, the average 
annual rainfall of 0.6 inches being the amount 
falling in one or more torrential downpours di- 
vided by the number of years of the record. In 
the Thar, in northwestern India, for example, 34 


inches of water have fallen in two days in an area 
with an average annual rainfall of less than 5 
inches. 

Neither of the two extremes of amount of 
precipitation is beneficial to man, both handi- 
capping his occupation of an area. The exact 
amount which will be the optimum varies with 
form, distribution, intensity, rate of evaporation, 
and other factors such as natural drainage and 
soil types. Thus a much smaller amount may be 
sufiicient if it falls during the warm months in 
showers of moderate intensity, in an area with 
moisture-retentive soils where topographic con- 
ditions do not permit rapid runoff, in the higher 
latitudes where temperatures check evaporation, 
than would be satisfactory in lower latitudes with 
rapid evaporation and other conditions making 
for low effectiveness of the precipitation. In gen- 
eral, rainfalls of from 20 to 60 inches are ad- 
vantageous. Below 20 inches, agriculture nor- 
mally becomes hazardous, above 60 inches, the 
excess precipitation is not beneficial. Inspection 
of a population map of the world will show that 
at least 90 per cent of the world’s inhabitants 
live in those areas favored by precipitation con- 
ditions. 


QUESTIONS AND EXERCISES 


1. What is a fog^ How are fogs caused^ How do 
they differ from clouds^ Why is a rising fog an 
indicator of fair weather to follow^ A falhng fog 
one of probable bad weather to come? 

2. Explain the cause of the summer fogs on the 
coast of California. What is the source of the 
water condensed to form tliese fogs? 

3. Why are fogs more prevalent in depressions and 
during the winter months than on hillsides and 
during the summer? 

4. In what parts of the world are fogs both dense 
and frequent? In what parts of the United 
States^ What causes the fogs in each of these 
areas? What is meant by a dense fog? How and 
in what respects do fogs handicap an area if 
they occur too frequently and are too dense? 

5. How do clouds affect man? 

6. Under what conditions will dew and frost occur? 
What are the possible sources of the water which 
accumulates in what is ordinarily known as 
"dew”? 

7. What causes rain in nature^ Why are attempts 
to produce extensive general rain by artificial 
means futile? 

8. Why is precipitation in the form of sleet detri- 


mental? What property damage results from 
sleet storms'^ During what season of the year do 
these storms occur? 

9. How are hailstones formed^ How large may they 
become? What damage do hailstorms cause? In 
connection with what kind of storms do hail- 
stones fall? 

10 What are the beneficial effects of precipitation 
in the form 'of snow? The detrimental effects? 

11. What intensity of precipitation is most bene- 
ficial? Why are torrential downpours detrimen- 
tal? Why do the inhabitants of oases in deserts 
pray that it will not rain? 

12. What distribution of precipitation is most bene- 
ficial? How is California handicapped by pre- 
cipitation distribution? How is North Dakota 
favored? 

13. How does the precipitation of Montana in the 
vicinity of Miles City introduce a hazard into 
agriculture? Does the Miles City record support 
the popular belief in seven wet years followed 
by seven dry years? Why not? 

14. With what factors does the amount of precipi- 
tation vary? How does each operate to affect 
the amount of precipitation? What is meant by 
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the term "rain shadow’’^ Why is the precipita- 
tion of Reno, Nevada, so light^ 

15. Under what conditions will areas have maximum 
precipitation^ Name and locate several places 
with very heavy precipitation, and state the 
amount for each. If possible, explain the cause 
for the heavy precipitation of each of these 
areas. 

16. What is the heaviest precipitation of record for 
one month? For one day^ Where did these pre- 
cipitations occur? Why in the tropics^ Why so 
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hea\ y m each case^ How do these amounts com- 
pare with the record precipitation of your home 
area for a month^ For a day? 

17. What are some of the minimum annual precipi- 
tations of record? What is the distribution of 
precipitation in such areas with \ery light pre- 
cipitation What is the intensity of precipitation 
in such areas^ 

18. Wliat relationship does population distribution 
bear to the amount and effectn eness of precipi- 
tation? Illustrate by examples. 


SELECTED REFERENCES 


Blair, T A., Weather Elements, Prentice-Hall, Inc., 
New York, 1937, Chap V 

This chapter deals with condensation of water 
in the atmosphere, and the various forms assumed 

Kendrew, W G , Climate, Oxfoid University Press, 
London, 1930, Chaps XXIII, XXIV, XXV, XXVI, 
XXXIV, XXXV, andXXXVL 

In the several chapters suggested for reading, 
the causes of rain are discussed m Chap. XXIII, 
the distribution and regions of rainfall in Chap. 
XXIV, snow in Chap XXV; sleet m Chap XXVI; 
and fogs in Chaps. XXXIV, XXXV, and XXXVI. 
This will be found to be a very useful reference, 
with treatment of the topics sufficiently complete, 
and both clear and interesting. 


Trewartha, G T , An Introduction to Weather and 
Climate, hIcGraw-HilI Book Company, Inc., New 
York, 1943, pp 149-188. 

The pages cited discuss condensation and pre- 
cipitation. If additional reading on these topics is 
desired, a list of references will be found at the 
end of tile chapter. 

Ward, R D , The Climates of the United States, Ginn 
and Company, Boston, 1925, Chaps X and XL 
These two chapters are devoted to a rather de- 
tailed discussion of some characteristics of rainfall 
and snowfall, with particular reference to the 
United States, to which the discussion of all 
climatic elements is hmited, as indicated by the 
title. 



chapter Fourteen 

CLIMATIC ELEMENTS: WINDS 


Winds, Their Characteristics and Cause. A 
wind is air in horizontal or approximately hori- 
zontal motion m the lower atmosphere, with 
either ascending or descending currents, the air 
is calm. Such horizontal movement results from 
pressure diflFerences associated with variations in 
temperature, flow of the air being from an area 
of higher to one of lower pressure. 

Winds are named according to the direction 
from which they blow. Thus a north wind is one 
from the north, a south wind, one from the south. 
Wind direction is registered by a weather vane, 
the arrow of which points into the wind, or in 
the direction from which the wind comes. The 
strength of the wind, which is measured by the 
anemometer, increases with pressure differences 
and altitude. Therefore winds are strong at times 
of considerable pressure differences, and often 
violent near mountain summits. The United States 
Weather Bureau forecasts classify winds with 
velocities of 12 miles per hour or less as light to 
gentle, of from 13 to 24 miles per hour inclusive 
as moderate to fresh, of from 25 to 38 miles 
per hour as strong. Above 38, but not exceeding 
75 miles per hour, winds are of gale strength; 
above the latter velocity, they are described as of 
hurricane intensity. 

The total mass of the atmosphere is estimated 
to exceed 5 quadrillion tons. To move this vast 
amount of air, keep it in motion, and produce 
winds requires an enormous amount of energy. 
This is supplied primarily by the sun and gravita- 
tion, with heat liberated by condensation of 
water producing much of the upward convec- 
tion; rotation of the earth and centrifugal force 
causing modification of the direction of hori- 
zontal motion. 

Winds and Man. Winds are of importance to 
man in that they affect his comfort, his health. 


his activities and their success By their effect on 
rate of evaporation and sensible temperatures, 
they modify the habitability and health conditions 
of a region. If they blow from higher latitudes 
or colder legions, they import low temperatures, 
if from over warm lands or the tropics, they 
cause temperatures to rise. In either case, the 
effect on human comfort is marked. Winds are 
also carriers of large amounts of moisture if they 
blow from over bodies of water, particularly if 
the water is waim, they are drier if they come 
from over extensive, and land areas. Thus they 
affect both temperature and precipitation, and 
thereby man's economic activities and then 
returns. 

The General Air Circulation. Though ex- 
tremely complex in detail, the larger features of 
the earth’s air movement assume a relatively 
simple and coherent pattern related to zones of 
pressure which shift but slightly with the chang- 
ing seasons. This pattern is shown diagram- 
matically in Fig. 100 and, somewhat generalized 
but more accurately, in Fig 101. 

Low- and High-pressure Belts Encircling the 
earth at the equator is a belt of low pressure 
resulting from continuously high temperatures. 
In this area, known as the ''belt of equatorial 
cahns” or the "doldrum belt,” ascending air 
currents are the rule and winds are either lack- 
ing or they are light and variable in duection. 
Because of these ascending currents of warm, 
moisture-laden air, precipitation is adequate and 
commonly heavy in the doldrum belt for, as air 
rises, it is cooled and frequent convectional 
rains or thunderstorms result. (See Figs. 99 
and 101.) 

Paralleling the equator, about 35° North and 
30° South latitude, are two irregular belts where 
barometric pressures exceed 30 inches. These 
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belts, which extend considerably beyond the 
tropics, especially in the Northern Hemisphere, 
are known as the ''subtropical highs,” or the 
'‘horse latitudes.” In them, the air is believed to be 
descending from aloft, which causes calms. As 
the air descends, it is heated by compression, 
which increases its ability to hold water. There- 
fore precipitation is generally light in the areas 
where subtropical highs prevail. (See Figs 99 
and 101 ) 

Still farther poleward, about 65° North and 
65° South latitude respectively, belts of low pres- 
sure known as the "subpolar lows” encircle the 
earth. These belts are continuous over the south- 
ern oceans, but interrupted over the land masses 
of northern high latitudes. 

At and near the poles, pressures are continu- 
ously high over the continental glaciers of the 
Arctic and Antarctic. In both the subpolar lows 
and near the poles, where high pressures pre- 
vail, precipitation is light, foi the air is cold and 
can hold very little moistoe. (See Figs. 99 and 
101 .) 

Winds of the General Circulation. Between the 
doldrums and the subtropical highs, winds 
known as the "trades” blow equatorward from 
the northeast in the Northern, and the southeast 
m the Southern Hemisphere, the easterly com- 
ponent in their direction resulting from the de- 
flective influence of the earth’s rotation. Where 
best developed in the eastern portions of the 
great oceans, they blow both steadily and con- 
tinuously, with velocities of from 10 to 15 miles 
per hour; over land masses, this regularity is in- 
terrupted. The trades brmg heavy precipitation 
to windward coasts, or those toward which they 
blow, if these coasts are backed by highlands of 
considerable elevation. Some such regions, in- 
deed, are among the rainiest in the world. By 
contrast, most inland areas and all lee coasts 
where trade winds blow are semiarid or arid. 
(See Figs. 99 and 101.) Over the oceans, these 
winds were effective in determining trade routes 
in the days of sailing ships, on the land, they 
mitigate high sensible temperatures on the coasts 
toward which they blow, thereby serving as one 
factor in determining the preferred location of 
tropical plantations. 

The "westerlies,” winds which blow between 
the subtropical highs and the subpolar lows, are 
deflected increasingly with increase of latitude, 
so that they vary from southwest to west with 



distance from the equator. At sea level and over 
the land these winds are subject to many inter- 
luptions, but at elevations of from 5 to 6 miles 
and over the oceans they blow more regularly. 
In the Southern Hemisphere, where large land 
masses are lacking in intermediate latitudes, they 
are so strong and persistent that the latitudes in 
which they blow are known as the "roaring 
forties.” Even in intermediate latitudes of the 
Northern Hemisphere they blow strongly and 
steadily enough to be important in air navigation. 
Within the belt of the westerhes, the amount of 
precipitation varies with latitude, topography, 
distance from the sea, and location with reference 
to the storm tracks. (See Figs. 98, 99, and 101.) 
Further discussion of these factors will be found 
later in this and in the following chapter, in the 
Appendix, and in the selected references, if addi- 
tional information is desired. 

In still higher latitudes, the winds which blow 
off the great continental glaciers of polar areas are 
deflected to the extent that they become easterly 
winds, known as the "polar easterlies.” As with 
the westerlies, these winds are better developed 
and more regular in the Southern than in the 
Northern Hemisphere, where land masses cause 
interruptions. In these high latitudes, precipita- 
tion is everywhere light because of the low tem- 
peratures. (See Figs. 99 and 101 ) 

It will be noted that the polar easterlies meet 




Fig. 101. Generalized pressures, January and July, and generalized air movements and winds over the 
oceans for the same months. 


the westerlies in the belts of subpolar lows. This 
zone of contact is sometimes known as the ‘polar 
front.” Since it is an irregular, changmg boundary 
between cold and warm air masses, its shift may 
introduce large masses of cold air into inter- 
mediate or even lower latitudes. It is along this 
shifting polar front that most of our storms 
and weather originate. 

On the average, pressure belts are centered 
along given parallels with prevailing winds blow- 


ing between them, but since the distribution of 
insolation changes with the seasons, the belts of 
pressure and winds shift, moving north during 
our summer and south during our winter months. 
(See Fig. 101.) One important effect of this 
migration is that a given place may be in one 
pressure or wind belt in winter, another in sum- 
mer, which affects the distribution of precipita- 
tion. This is the case on the coast of California, 
which receives most of its rain during the winter 
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months, when moisture-laden westerly winds 
blow toward the land. 

PcTtodic LocclI Winds. With certain relation- 
ships of land and water or of topographic con- 
ditions, winds which affect only limited areas may 
develop. These embrace land and sea breezes, 
mountain and valley breezes, and other '^gravity” 
winds arising from air drainage induced by sea- 
sonal or other periodic changes of temperature. 

Along seacoasts and the shores of large lakes, 
the difference between temperatures over land 
and water is pronounced, both in the afternoon 
during the hottest time of day and during the 
coldest time of day, shortly after sunrise. Such 
differences in temperature produce pressure in- 
equalities which cause winds to spring up. In 
the heat of the day, this will result in a breeze 
from over the water, a sea or lake breeze; in the 
early morning, a land breeze. In both, only a 
shallow layer of air is affected and the breezes 
blow over only a narrow strip of land and water. 
Of the two, the lake or sea breeze is more im- 
portant, for it lowers land temperatures during 
the hottest part of the day, whereas the land 
breeze serves only to prevent temperatures from 
falling as low as they would in its absence. 
Further, the land breeze is less well developed, 
temperature and pressure differences between 
land and water being less shortly after sunrise 
than later in the day. Along the Maine coast, the 
shores of the Great Lakes, and other similar 
resort areas, sea and lake breezes lower tempera- 
tures sufficiently so that their economic value is 
considerable. 

Mountain and valley breezes result from differ- 
ences in rapidity of nighttime cooling on slopes 
and in valleys, and accompanying slow move- 
ment of air down the slopes and collection in the 
valleys. When this flow gams some velocity, as 
in a narrow, steep-sided valley, heating by com- 
pression offsets cooHng. This causes turbulence 
which, in combination with the flow, may prevent 
fall frosts on land located where the valley de- 
bouches on a flat-topped area or terrace, thus 
affording favored locations for orchards such as 
those in the vicinity of Salt Lake City. 

“Gravity” or “fallwinds,” induced by seasonal 
differences in radiation cooling in areas of con- 
siderable topographic diversity, are known on the 
coasts of Norway and on those of Greenland and 
the Antarctic continent, those of the latter often 
being violent. Locally, these winds have defixdte 


names. In the northern Adriatic, the cold north- 
east wind resulting from rapid radiation on the 
adjacent plateau of the interior m winter is known 
as the “bora”; a somew’hat similar cold wind 
on the Mediterranean coast of France is the 
“mistral.” 

Monsoon Winds. Monsoon winds, convectional 
currents established in the atmosphere by sea- 
sonal differences in temperature betw’een conti- 
nents and adjacent oceans, resemble land and 
sea breezes m certain respects, but affect much 
larger areas. During the summer months, when 
temperatures are high and air pressure over the 
land is low% these winds blow' from water to land, 
bringing rain. During the winter months they re- 
verse their direction and blow from land to 
water, causing a dry season, for during the colder 
months temperatures are low and air pressure is 
high over the land, particularly over the interior 
of a great continent such as Asia. During the 
spring and fall months, wLen there is slight dif- 
ference between land and water temperatures, 
winds in monsoon areas are light and variable m 
direction. 

Monsoon winds are best developed in India 
and southeastern Asia, but they also occur far to 
the north, in China; to the south, in Australia; 
and on the coasts of Africa. In southeastern 
United States, the change from the prevailingly 
southerly winds of summer to the characteristic- 
ally northerly winds of winter is a monsoon 
effect, important in determining climatic con- 
ditions. 

The degree of development and the relative 
strength of the winds of the summer and winter 
monsoons are determined by the extent of the 
temperature differences at the two seasons. In 
India, the winds of the summer monsoon are 
strong; those of the winter, weak. In North China, 
the reverse is true. There, winter winds are strong 
and continuous for the interior of the continent 
is very cold; during the summer months, tem- 
perature and pressure differences between land 
and water are less pronounced and the winds are 
less highly developed and subject to interrup- 
tions. 

In India, there is a complete reversal of wind 
direction with change from winter to summer 
months. During the winter months, pressures are 
high to the north, over the continent. Therefore 
cold, dry air then flows dovm the southern slopes 
of the Himalayas as northeasterly winds. At this 
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time of the year, temperatures are generally 
moderate and little ram falls. During the summer 
months, the belt of high pressure is located to 
the south of the equator, over the southern Indian 
Ocean; the belt of low pressure over north- 
western India. Therefore southwesterly winds 
blow fiom the sea to the land at this season, im- 
poiting moisture-laden air and bringing much 
ram to India. It should be reahzed, of course, 
that the exact direction of the wind varies with 
the locality, though the movement of the air is 
always toward the land in summer and away 
from the land in winter. In the spring and faU, 
when pressures over the land and sea are much 
the same, the weather of India is very trying, 
for it IS hot, winds are Hght and variable in 
direction, and the air is generally humid. There- 
fore sensible temperatures are high. 

It will have been noted that, with monsoon 
winds, most of the rainfall is concentrated in 
the warmer months. Where precipitation is gen- 
erally light, as it is in India, tbs summer maxi- 
mum is of marked benefit. Similarly, the fact 
that the winds blow prevailingly toward the 
heated land of North China during the summer, 
causing as much as 90 per cent of the small 
amount of precipitation for the year to fall dur- 
ing the warmer months, is of great importance 


to the population of this dominantly agrarian 
area. The winters of North China aie so dry, 
indeed, that the strong northwest winds of that 
season are dust-laden to an extent that they 
yearly add appreciably to the depth of the soil 
by deposit of their load of fine material. 

The Secondary Circulation. In our latitudes, 
winds blow from all points of the compass: 
possibly one day from the east, the next from 
the north, and the following day from a westerly 
direction. It may seem, in fact, that there is 
no regularity in either the direction or the suc- 
cession of directions, though m reahty these 
winds and then sequence bear a definite relation 
to the pattern of the secondary circulation of the 
air in intermediate latitudes. 

If a weather map showing barometric pres- 
sures and wind directions for a day is examined 
(see Appendix, Fig. 456), it will be noted that 
the isobars, or lines of equal barometric pres- 
sure, are roughly circular, elliptical, or oval in 
shape, and arranged concentrically around cen- 
ters of low and high pressure, which represent 
local departures from the average in the region 
of the westerlies. It will further be noted that, 
in general, the winds blow toward the centers of 
low, and away from the centers of high pressure, 
with their exact courses aflEected by the deflec- 




Fig. 103. Diagrammatic representation of pressures and wind directions associated with low- and high- 
pressure areas The arrows indicating wind direction in the diagram at the left, that of a cyclone, show a ro- 
tary motion around the center of the low-pressure area, a result of the right hand deflection produced in the 
Northern Hemisphere by the earth’s rotation. In the Soutliern Hemisphere, deflection is to die left, and the 
pattern would differ to correspond. The same deflective effect of the earth’s rotation in the Northern Hemi- 
sphere is shown by the diagram for the high-pressure area; for the Southern Hemisphere, deflection would 
be to the left ratiier dian the right. 
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tive influence of the eaith’s rotation and other 
factors of less importance. Thus the wind direc- 
tion for a given place is determined mainly by the 
location of that place with reference to the 
centers of high and low pressure. 

Cij clones or Low-pressure Areas. Low-pres- 
sure areas, or those where the barometer registers 
less than 30 inches, are known as “cyclones.” 
Such “depressions” are roughly circular, ellip- 
tical, or oval in shape, and vaiy from 100 to 
more than 1000 miles in diameter, so that a 
single cyclone may cover a large fraction of 
the United States. Since winds blow toward or 
around this center, shown diagrammatically in 
Fig. 103, this results in southerly or warmer 
winds in the southeast half, and northerly or 
colder winds in the northwest half of such de- 
pressions in the United States. Higher tempera- 
tures, cloudiness, and precipitation are normally 
associated with the southeastern half of such 
depressions, a “hot wave” being only this “warm 
front” of a well- developed summer cyclone. 
During a hot wave, warm air is imported both 
day and night by the southerly winds which 
prevail; temperatures rise into the 90’s or even 
to 100° F. or more in midafternoon, and^ sensible 
temperatures are high because of the excessive 
humidity. Even the nights are hot, for the im- 
portation of warm air continues and the high 
moisture content of the air prevents rapid radia- 
tion. Such hot waves cause much discomfort, 
interfere with effective work, and even cause 
deaths. They may likewise damage crops, often 
to the extent that the loss is greater than that 
occasioned by a severe hurricane. 

Anticyclones or High-pressure Areas. Anti- 
cyclones, or high-pressure areas, like cyclones, 
are circular to elliptical in shape, but with the 
bounding isobars indicating pressures greater 
than 30 inches, a normal or average pressure at 
sea level. Frequently, they cover even more ex- 
tensive areas than do cyclones. In them, the 
winds blow outward from the center as shown 
diagrammatically in Fig. 103. By contrast with 
cyclones, high-pressure areas are associated with 
low temperatures, light winds and calms, little 
cloudiness, and much clear weather. The cold- 
est weather of our winters occurs during the 
calms at the centers, and on the southeastern 
margins of these disturbances, a “cold wave” be- 
ing only the easterly front of a well-developed 
winter high-pressure area, or anticyclone. These 


typically American phenomena cause much in- 
convenience, suffering, and financial loss. 

Destructive Winds. Most winds do not attain 
sufficient velocity to produce appreciable de- 
struction of property or loss of life, their detri- 
mental effects, if any, are limited to interference 
with human comfort, increasing the rate of evapo- 
ration objectionably, and others of similar char- 
acter. Occasionally, however, winds become of 
such strength that they flatten crops, uproot 
trees, level buildings, and endanger life. The 
more important disturbances with which such 
violent winds are associated are the hurricane, 
or typhoon, and the tornado. 

Tropical cyclones are vast whirls of air, 300 
to 600 miles or more in diameter, and of con- 
vectional origin. Bom over tropical seas, they 
travel westward in trade-wind areas, where they 
develop and do most of their damage. In the 
North Atlantic, they are known as “hurricanes”; 
in the West Pacific, as “typhoons”; elsewhere 
they may have local names, for example, “ba- 
gnios” in the Philippines. In a well-developed 
hurricane, the pressure is below 28.5 inches, and 
it may drop to 27.5 inches or even lower. Around 
the center, or "'eye,” of the storm, the tempera- 
tures, pressures, winds, and cloudiness are ar- 
ranged symmetrically, in which respects hurri- 
canes difiFer from the cyclones of intermediate 
latitudes. At the center of the disturbance, the 
air is calm, but on its margins winds with esti- 
mated velocities of from 150 to 200 miles an 
hour blow inward toward the "eye,” leveling all 
except the most substantially constructed build- 
ings and piling up water and thus inundating low- 
lying shores. 

These storms originate over the ocean, on the 
margins of the doldrums, and most often when 
this belt of calms approximates the poleward 
Hmit of its migrations. Therefore, though they 
may occur in any month of the year, they are 
most numerous in the summer and early fall, 
with September and October the months of nor- 
mal maximum frequency in the Northern Hemi- 
sphere. As these storms move westward in the 
general drift of the trades, their paths curve to 
the right in the Northern Hemisphere, even into 
the region of the westerlies. When this occurs, 
hurricanes may ravage Florida and the Gulf 
Coast of the United States, and, at rare intervals, 
the Atlantic seaboard as far north as New Eng- 
land. The effects of such storms are both direct 
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HURRICANE AND TYPHOON REGIONS 
AND GENERALIZED STORM TRACKS 

Fig. 104. Regions of occurrence and paths of tropical cyclones, known as hurricanes in the Nortli Atlan- 
tic, typhoons in tlie western Pacific. 



and indirect. The direct effects are property dam- 
age and loss of life m the actual path of the hur- 
ricane, the indirect effect is disturbance of the 
normal circulation by introduction of a mass of 
warm air mto intermediate latitudes. This af- 
fects both temperatures and precipitation, often 
beneficially. 

By means of radioed reports from shipping 
and from local land stations the United States 
Weather Bureau plots the paths of hurricanes 
and determines the rapidity of their travel. This 
information is supplied to ship operators and 
others so that they normally have advance notice 
of the severity of the expected storm. This en- 
ables saving much life and property. Fortunately, 
such storms are not numerous, the areas affected 
are limited, and the destructive effects do not 
extend far inland. When they occur on Asiatic 
coasts with dense populations, however, they 
produce great property damage and loss of life. 
The typhoon which ravaged Tokyo and Yoko- 
hama in 1923, just after the great earthquake 
which leveled those cities, for example, is esti- 
mated to have caused 100,000 deaths and prop- 
erty damage of $1,000,000,000. 

Tornadoes are rotating storms somewhat simi- 
lar in appearance to the small dust whirls which 
travel down a hot pavement in summer, or the 
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larger whirls which occur in deserts, as m Ne- 
vada on a hot day. They differ from such whirls, 
however, in both origin and relationship to low- 
pressure areas, though similar in most essential 
respects except size and wind velocity to tropical 
hurricanes. These typically American storms are 
accompanied by a funnel-shaped cloud composed 
of small drops of water. This funnel ascends and 
descends irregularly, harmlessly when some dis- 
tance from the ground but, where touching the 
ground with its tip, causing great destruction, 
for wind velocities around it reach as much as 
400 miles or more per hour. Wagons and other 
farm equipment, animals, and men are carried 
aloft, later to be dashed to the ground or dropped 
without harm. Over water, the tornado develops 
as a waterspout. Tornadoes occur during hot, 
sultry summer weather in the southern portion 
of well-developed cyclonic disturbances and 
travel in a general easterly direction until their 


force IS dissipated, the path of destruction being 
very narrow and only a few miles in length. 
They are, in fact, special storms associated with 
the same weather conditions as thunderstorms. 

Destruction by tornadoes results both from 
the violence of the winds and the explosive ef- 
fect of the air confined within buildings, when 
the outside pressure is reduced as the storm 
passes. Fortunately, these storms are of relatively 
infrequent occurrence, in many areas they are 
virtually, or even totally, unknown. The regions 
of greatest tornado frequency are the Mississippi, 
the Ohio, and the Lower Missouri valleys, but 
even there the chance of occurrence of such a 
storm in any given locality is very slight. Thus 
the damage tornadoes produce, though locally 
important, is in the aggregate not large, the nor- 
mal annual loss not exceeding $1,000,000, ex- 
cept in an occasional year such as 1896, when 
a tornado struck St. Louis. 
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CLEVELAND TORNADO 

APRIL 27, 1943 



Fig. 108. Note the characteristic easterly path of the 1943 Cleveland tornado. 



Fig 109. Tornado damage. The appearance of 
the house would indicate that part of the damage 
resulted from the explosive effect of confined air. 
(Courtesy of the U. S. Weather Bureau.) 


Special Local Winds. The "chinook” of the 
mountainous western United States and the 
equivalent “foehn” of the Alps are warm, dry 
winds, not uncommon in winter, blowing 
strongly down mountain slopes toward cyclonic 
centers, and thus warmed sufficiently as a result 
of compression by the overlying air so that their 
temperatures are sometimes as much as 40 °F. 
or more above the seasonal average. These winds 
cause rapid removal of the snow cover by evapo- 
ration and melting, exposing the grass and there- 
fore permitting pasturage of livestock during the 
winter months. Such removal of snow from the 
ground in the wheat-growing areas of the western 
states also makes early planting of spring wheat 
possible. This is advantageous since it permits 
considerable growth of the crop before the hot 
and often dry summer months. 

Other warm and cold winds associated with 
cyclonic and anticyclonic disturbances often 
have special local names. Thus the “sirocco” is 
the warm south wind of Mediterranean areas 
from over the Sahara, and the “blizzard” is the 
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popular name for a northerly, snow-laden wind the term has neither definite meaning nor sci- 

o£ high velocity in our western plains, though entific usage. 


QUESTIONS AND EXERCISES 


1. Define the term ‘wind” Distinguish between 
winds and air currents What causes winds^^ 
What instrument is used for measuring their ve- 
locity? What IS the velocity of a strong wmd in 
miles per hour-^ Of a destructive wmd^ 

2. In what ways do winds affect man^ Which are 
favorable^ Unfavorable? 

3. Describe the general circulation of the lower air, 
naming the winds and the belts of high and low 
pressure, and stating the latitudes of occurrence 
of each. 

4. Where are the trade winds best developed^ Why 
are they easterly wmds^ What are their bene- 
ficial effects^ Remembering the route Columbus 
followed in making his discovery of the New 
World, how was he favored by wmds^ 

5. Why are the westerlies better developed m the 
Southern than m the Northern Hemisphere? 
What are the “roaring forties”? 

6. What causes shifts of pressure and wind belts? 
What is the direction of this shift in our sum- 
mer? In our winter^ What effect does this shift 
have on distribution of precipitation in certain 
areas? 

7. Why is the sea breeze best developed in the 
middle of the afternoon^ Why is the sea breeze 
more important than the land breeze? 

8. How do mountain breezes sometimes prevent 
frost on adjacent flat-topped areas? What use has 
been made of this “fact m the Salt Lake City 
area? 


9 What is the “bora”? The “mistral”^ Where do 
tliey occur and wliat is tlieir caused 

10 During what months of the year does India le- 
cei\ e most of its precipitation^ WTy? Is this ben- 
eficial or detrimental^ Why'^ 

11. W^hat IS a “cyclone”? Its size and atmospheric 
pressure? What is the relation of wand direction 
to the cyclonic center^ W^hat is a “hot wave”? 
How do hot wa\ es affect man? 

12. What is an “anticyclone”? Its size and normal 
atmospheric pressure^ W^hat is the relation of 
wand direction to tlie anticyclomc center? What 
IS a “cold wa\ e”? 

13. What names are applied to tropical cyclones 
wuth high wind velocities? Wliere do such dis- 
turbances originate, wiiat are their normal paths, 
and how do they cause property damage and 
loss of hfe? 

14. What IS a “tornado”? In wRat parts of the 
United States do tornadoes occur most fre- 
quently? Describe the characteristics of such 
storms, including wmd velocity, path of travel, 
and damage produced. Explain how this damage 
is caused. 

15. What is a “chmook”? What is the name of tlie 
equivalent wind m Switzerland? How are such 
wunds caused!^ What are their characteristics? 
What beneficial effects do they produce? 

16. Where do tlie “sirocco” and the “blizzard” oc- 
cur^ What are tlie characteristics of each^ Are 
they beneficial or detrimental? In what respects? 
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chapter Fifteen 

CLIMATIC ELEMENTS: WINDS AND THE WEATHER 


The Earth's Atmosphere. The solid core of 
the earth is known as the ‘lithosphere/’ its cover 
of water as the ‘‘hydrosphere,” and the continu- 
ous outer gaseous envelope as the "atmosphere.” 
The exact thickness of this outer layer, the 
atmosphere, is indefinite, for the air glows thin- 
ner gradually wnth increasing distance from the 
earth’s surface until it disappears for all practical 
purposes. Because of the compressibility of air, 
more than 50 per cent of the mass of the atmos- 
phere is in its lower 3.6 miles, and 97 per cent 
is below the 18-mile level. Therefore the peaks 
of lofty mountains protrude into very thin air. 
This is one reason why their ascent proves dif- 
ficult for man. Though most of the air is relatively 
near the earth’s surface, twilight colors indicate 
that there is a considerable amount at a height 
of 40 miles, and the glowing of meteors proves 
that atmospheric gases exist at least 200 miles 
above the earth’s solid crust. 

Because of variations in characteristics pro- 
duced by distance from the earth’s surface, zones 
may be recognized in the atmosphere. These are: 

( 1 ) the troposphere, the lower few miles where 
most of the mass of the atmosphere is concen- 
trated; (2) the stratosphere, the immediately 
overlying stratum; and (3) the ionosphere, the 
uppermost layer, in which phenomena such as 
the northern lights occur. The plane of contact 
of the troposphere and stratosphere is known as 
the "tropopause.” 

The Troposphere. This layer of the atmosphere 
varies from 4 to 5 miles in depth at the poles to 
approximately 10 miles at the equator. In the 
lower atmosphere, or the troposphere, the air is 
greatly disturbed by currents resulting from heat- 
ing; there is much water vapor and a great deal 
of dust; and there are many clouds. This stratum 
of the atmosphere is much warmer than the 


overlying layer, the stratosphere, for it is in con- 
tact with the ground, the direct source of most 
of the heat of the lower atmosphere. Because it is 
made up of dense air, contains many dust par- 
ticles, and both gaseous and liquid water, it ab- 
sorbs heat radiated from the earth effectively As 
a result of the thoiough mixing produced by 
convection currents, temperature distribution is 
regular, decreasing with elevation at an average 
rate of 3.3 °F. for each 1000 feet of ascent. 
Variation from this rate, which changes with the 
time of day, the season, and location, is not great. 

The Stratosphere. The stratosphere overlies 
the troposphere, beginning at a height of 4 to 5 
miles at the poles, 6 to 7 miles midway between 
the poles and the equator, and at approximately 
10 miles near the equator. It is in geneial a zone 
of uniform temperatures which are very low, 
ranging downward from -67°F. at 40 to 50 de- 
grees of latitude to -112°F. near the equator. 
Only a small amount of water is present m the 
air at such low temperatures; there is little dust; 
and there are no clouds. Wind velocities, which 
attain their maximum in the upper troposphere, 
where friction is slight and important topographic 
obstacles are lacking, decrease markedly. The 
air is likewise very thin, and this fact, in com- 
bination with little air movement, favors air 
navigation. This is, however, handicapped to 
some extent by both temperatures and the low 
density of the air. 

Winds and Weather in the Tropics. Winds 
bring the weather. When they blow from warmer 
regions, temperatures rise, when they come from 
colder areas, temperatures fall. Winds also affect 
precipitation, for, when dry. skies are clear and 
there is no rain; when moisture-laden, cloudy 
weather is probable and precipitation may occur. 
In view of the fact that the weather of each day 
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is a composite of temperature and moisture con- 
ditions, associated with wind duection and 
strength, it is obvious that a knowledge of air 
movement in the lower atmosphere is the key to 
an understanding of weather. 

Knowledge of the air circulation of a given lo- 
cality in the tropics as elsewhere is, then, neces- 
sary for an understanding of its weather. In 
considering the possibilities of tropical weather 
conditions, therefore, it is necessary to take into 
account the air movement in the doldrum belt 
and where the trade winds blow. In such areas, 
where interruptions of the prevaihng winds or 
of the characteristic calms are not so numerous 
and important as in intermediate latitudes, the 
weather will vary but slightly from day to day, 
and often as well from month to month Only as 
the wind belts shift, and not always even then, 
will a change of weather occur, for the shift may 
not be sufficient to produce such conditions as 
noted for India in the preceding chapter. Even 
where such change does occur, it is m precipita- 
tion rather than in temperature, for there is no 
cold season in the tropics, it is only hot part of 
the year and hotter the rest of the time at or near 
sea level. Where there is a seasonal distribution 
of precipitation, also, it may not be marked, and 
the drier part of the year may actually be rather 
rainy. This makes for a monotony of weather 
conditions which, though possibly pleasing for 
a time, may become rather trying, for man seems 
to work most efficiently m those parts of the 
world where diversity of weather is a common 
characteristic. 

It IS hot throughout the year in the doldrum 
belt, for the sun’s rays are vertical or nearly ver- 
tical during all months. These high temperatures 
are responsible for the calms or light and variable 
winds characteristic of areas near the equator. 
In them, the air is rising, day after day. As it 
ascends, it cools; as it cools, it loses water, which 
frequently falls in the form of thunderstorm rains. 
Though it may not rain every day in any given 
place, for thunderstorms are local showers, it may 
lain every day somewhere in the vicinity, and the 
number of rains during a month in any place is 
extremely high. At Para or Belem, near the mouth 
of the Amazon River, for example, the average 
number of rainy days in March, during the wetter 
season, is 28 out of a possible 31. Even in Novem- 
ber, when it is relatively dry, it rains one day out 
of three. It is so rainy in Para that it has been 


said. ''No native can remember the day vffien it 
has not rained.” xMways it is humid, even when 
there is no lain, and sensible temperatures aie 
high. These are conditions unfavorable for man, 
this IS a repressu'e type of climate. 

In those areas where trade winds blow day 
after day in the same direction, except as inter- 
rupted by infrequent tropical cyclones, the 
monotony of the weather is ecjually marked. If 
these winds blow from water towaid the land, 
they import much moisture, which often falls in 
convectional showers, as in the doldimm belt. 
Day aftei day the w^eather is the same, although 
somewdiat less trying than in the still lower lati- 
tudes of the belt of equatorial calms, for the 
amount of heat received from the sun varies 
somewffiat during the year, and the winds low^er 
sensible temperatures. In those areas W'here the 
trade winds blow^ aicaij from the land, the air is 
dry; actual temperatures are high, often even 
higher than in the rainy trade-wind areas, be- 
cause the sun beats down on the dry, unprotected 
soil and air temperatures become among the 
highest knowm. Sensible temperatures, however, 
may be quite tolerable, for evaporation is rapid. 
Still, these areas are undesirable for man because 
of their aridity. Therefore the trade-wind deserts, 
both north and south of the equator, are in gen- 
eral sparsely populated. 

On tlie margins of the tropics, where the air 
is believed to be descending from aloft and con- 
sequently is being warmed by compression in the 
belts of subtropical highs, or the horse latitudes, 
aridity is likewise the rule, and semidesert to 
desert conditions prevail Here, the w^eather may 
be rather pleasant, because seasonal range of 
temperature is appreciable; nights are cool even 
though days are hot; and sensible temperatures 
are generally moderate. Nevertheless, opportu- 
nity for man is limited by lack of water. Further, 
here as elsewhere in the tropics, though in lesser 
degree, the stimulating effect of frequent and 
considerable changes of temperature from week 
to week is lacking. 

Winds and the Weather of Intermediate Lati- 
tudes, The weather of intermediate latitudes, by 
contrast with that of the tropics, is characterized 
by great variability. The popular expressions, a 
‘‘spell of cold weather,” and a “spell of w^arm 
weather,” indicate general recognition of the fact 
that we live in latitudes with alternating periods 
of higher and lower temperatures. In the so- 
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Fig. 110. A simple 
type of mercurial 
barometer 



called “temperate zone,” m fact, the weather is 
actually “intemperate.” First it is warm; then it 
is cold; still later temperatures moderate. Fur- 
ther, the intensity of the heat, the severity of the 
cold, and the lengths of the individual periods 
of each are relatively unpredictable. In inter- 
mediate latitudes where we live, the fickleness of 
the weather is proverbial, and so great that it is 
used to illustrate the ultimate in undependability. 

The Barometer and the Weather. We hve at 
the bottom of a great “ocean” of air, much as do 
the forms of life which crawl on the sea floor, 
subject to the pressure of the overlying water. 
Upon each square inch of the body surface, 
therefore, rests a column of air many miles in 
length, and 1 square inch in cross section. At sea 
level, such a column of air would on the average 
weigh 14.7 pounds, or the pressure would be 


nearly 15 pounds to the square inch. On the 
average, also, as registered by a barometer, an 
msti'ument for measuring air pressure, it is said 
to be 29 92, or nearly 30 inches. This means that 
the pressure the air exerts at sea level is normally 
sufficient to support a mercury column nearly 30 
inches in length in the tube of a mercuiial barom- 
eter such as that shown in Fig. 110. In this in- 
strument, a column of air many miles in length 
is balanced against a relatively short column of 
mercury, a heavy, liquid metal. In reading the 
instrument, the pressure is stated as the length of 
the mercmy column the air is able to support. 
During a period of warm weather, the pressure 
decreases and the column shortens, with falling 
temperatures, the barometer “rises,” or the col- 
umn of mercury increases in length. 

Since the inch is a unit of length and not of 
pressure, the United States Weather Bureau has, 
since January 1, 1940, indicated pressures on 
weather maps either in both inches and millibars, 
the latter a standard unit of pressure, or in milli- 
bars only. In this new system of numbering the 
isobars, or lines of equal pressure, 30 inches be- 
comes 1015 0 millibars. Isobars are drawn at in- 
tervals of 3 millibars, about the equivalent of 
the Vio inch formerly used. Tables for the con- 
version of inches to millibars will be found m 
the Appendix, Chap. LIV. 

From the readings of the barometer certain in- 
ferences may be drawn regarding the probable 
weather to follow, in accordance with the fol- 
lowing rules formulated by the United States 
Weather Bureau. “When the wind sets in from 
points between south and southeast and the 
barometer falls steadily, a storm is approaching 
from the west or northwest and its center will 
pass near or north of the observer within i2 to 
24 hours, with wind shifting to northwest by way 
of southwest and west. When the wind sets in 
from points between east and northeast and the 
barometer falls steadily, a storm is approaching 
from the south or southwest and its center will 
pass near or to the south or east of the observer 
within 24 hours, with wind shifting to northwest 
by way of north. The rapidity of the storm's ap- 
proach and its intensity will be indicated by the 
rate and the amount of fall of the barometer.” 

Cyclones and Anticyclones. The characteristic 
spells of weather of intermediate latitudes are re- 
lated to cyclones and anticyclones. The cyclone, 
a mass of warm air, brings lower pressures and 



WINDS AND THE WEATHER 

LOW PRESSURE AREA 


163 


COLO AIR 



IN SECTION 

Fig 111 Diagram of a cyclone, after Bjerknes. The stippimg indicate.s cloud and ^n 

This likewise causes cooling, probable cloud, and precipitation. 


higher temperatures, or a warm spell; the anti- 
cyclone, a mass of cold, polar air, brings Ingher 
pressures and lower temperatures, or a cold spell. 
Study of the weather maps, Figs. 115 and 456, 
will disclose the relation between pressures and 
temperatures. 

Origin and Paths of Travel of Cyclones ^ and 
Anticyclones. Former views as to the origin of 
cyclones and anticyclones were based on the as- 
sumption that they were produced by convection 
currents, or that they were eddies resulting from 
surface irregularities or other causes. These views 
have today been displaced by the belief that they 
originate along the polar front, where masses ot 
cold air from the polar regions meet masses ot 
warm air from the tropics. Along this line ot con- 


tact, where there is a sudden change of tempera- 
ture, and generally ot humidity as well, iriegu- 
larities of flow develop, and from these irregu- 
larities cyclones and anticyclones originate. For 
a more complete description of this process, the 
student is referred to the Appendix, Chap. LI, 
and for a still more detailed discussion, to the 
selected references at the end of the chapter.^ 
Cyclones are better developed during the win- 
ter than in summer. They originate most fre- 
quently in the higher latitudes and travel in an 
easterly diiection across the country along the 
general paths showm in Fig. 112 at varying rates 
of speed, greater in winter than in summer, 
bringing our w^eather. Though relatively large, 
they are only small surface eddies in the general 



Fig. 112. Paths of low-pressure areas in the United States. (After the U S Weather Bureau ) 



I 120° 115° 110° 10£ 100° 95° 90° 85*^ 8o° 75° 

Fig. 113. Paths of high-pressure areas in the United States. (After the U S. Weadier Bureau ) 
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movement of the air: part of the general circula- fa\'orable for de\'elopment of the convection cur- 

tion, moving eastward in the general easterly rents which give rise to the heavy precipitation 

diift of the westerlies. Some travel only a short characteristic of such storms. “Dry thunder- 

distance and disappear, otheis may cross the storms,’' with httle or no rainfall, are not micom- 

Atlantic Ocean and reach western Europe; but, mon in our western mountains, w’here they are 

irrespective of size, distance of travel, or intens- responsible for starting many forest fires. The 

ity, they are only secondary air movements. Like cooler weather w Inch often follows thunderstorms 

cyclones, anticyclones or high-pressui'e areas also gives rise to new'spaper stories to the effect that 

travel in an easterly direction, as shown in Fig. the stoims brmg the cooler weather, whereas the 

113, low- and high-pressure areas following one correct statement should be that “the cooler 

anothei m more or less orderly succession, par- weather brings the storm,” the change of w’eather 

ticularly in the Southern Hemisphere, where resulting from the importation of a mass of colder 

large land masses do not interfere, though the air. 

regulaiity of this succession is subject to greater Thunderstorm weather is hkewise tornado 
interruption in the Noithern Hemisphere. weather, for when the air is hot and humid con- 

Thunderstorms. Thunderstorms are local ditions are favorable for the development of these 

storms of convectional origin with definite mar- violent local disturbances in the low^er atmos- 

gins and at most only a few miles in diameter, phere. Like thunderstorms, also, tornadoes are 

They normally occur over land at times of high more frequent south than north of the major 

humidity during the summer months, they are cyclonic tracks, for in the Low^er Mississippi \^ai- 

rare but not unknown during the winter months, ley where they occur with greatest frequency 

They are most numerous m the southern half of warm, moisture-laden air is drawn in from over 

cyclonic disturbances, wdiere conditions are most the Gulf of Klevico. 



Fig. 114 Tliundei storms, being most nmnerous in the soutliem portions of cyclonic disturbances, are 
not of equally frequent occurrence m all parts of the United States. (After the U. S. Weathei Bineau.) 
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Fig 115 A recent United States Weather Map, showing the location of the pressure areas and their 
relationship to the “fronts.” (After the U. S. Weather Bureau ) 


Weather Prediction, Forecasting the weather 
has obvious practical value, for it permits pre- 
diction of the probability of low temperatm*es 
and frost, the furnishing of advance information 
as to the time of arrival and the intensity of 
storms, and other uses of similar character. This 
is of value in both times of peace and war. Such 
predictions become a possibility because our 
weather is brought by cyclones and anticyclones, 
which travel in an easterly direction, along more 
or less definite paths, at approximately known 
rates of speed. This enables estimation of the 
probable time of their arrival and the weather 


they will bring. Weather predictions for short 
periods of time in advance are, therefore, based 
on a study of the pressuie areas and related data 
for a given date, and the expectation that normal 
developments will occur during the succeeding 
24-hour period. Taking these facts into consid- 
eration, it is possible to forecast the weather for 
one day in advance with a fair degree of accu- 
racy. A rough prediction of similar character is 
possible for anyone who can read a weather map 
and, with practice and experience, such fore- 
casts are often of value. A set of weather maps 
showing weather conditions for a period of sev- 
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eral days in length will be found in the Appendix 
Fig. 456. 

Until rather recently, all forecasts were based 
upon estimates of probable paths and rates of 
travel of the cyclones and anticyclones, and their 
individual characteristics. Today, howevei, this 
empirical method of prediction has been super- 
seded by one based in part on studies of air 
masses, which has found favoi with acceptance 
of the newer theories as to the origin of cyclones 
and anticyclones along the polar front. Such pre- 
dictions are based on much more detailed and 
accurate observations of the upper air, as well as 
surface conditions. For a somewhat more com- 
plete consideration of this basis for predictions, 
the student is referred to the Appendix, Chap. 
LI. An even more extended discussion will be 
found in some of the selected references at the 
end of the same chapter. 

Weather Proverbs and Weather Prediction. 
Most weather proverbs, representing as they do 
experience translated into woids, have a basis m 
fact. This is apparent in the proverbs. “Eveiy 
wind has its weather”, and ‘When clouds appear, 
wise men put on their cloaks.” Similarly, sailois 
and others whose activities are affected by 
weather conditions may, and often do, make pre- 
dictions of surprising accuracy for a few hours 
in advance, based on the appearance of the sky, 
wind direction and strength, and the “feel” of 
the air. Most persons, for example, know from 
experience that, when the wind shifts into the 
west and is of considerable strength, colder 
weather follows. 

Long-range Weather Prediction. There is prob- 
ably some correlation between ocean tempera- 
tures, movements of the ocean water, sun-spots, 
and the weather. Exactly what this relation 
is, however, and how it affects our weather is 
as yet uncertain. Therefore either seasonal or 
annual forecasts of temperatures and precipita- 
tion based on such data have no very substantial 
foundation and are frequently in error. If accu- 
rate, long-range weather prediction ever becomes 
possible, it will be of great value, for it will enable 
more intelligent planning for the future than is 
possible at present. This will be particularly true 
m agriculture, for it will make feasible intelhgent 
regulation of crop production, tried with such dis- 
appointing results in recent years. Long-range 
predictions by amateurs, or those in almanacs, 
are generally based on the law of averages and 
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aie entireh undependable in exceptional \ears. 
Such being the ease, they had acceptance only 
among the ciedulous. 

“Our Changing Weather and Climate!'' 
Weathei records for the past 100 or more )ears 
indicate that neither the \\ eathei nor the climate 
is changing, and certainly no observable per- 
manent change has occurred within the range of 
the personal experience of anv individual. Beliefs 
to the contrary are based on the fact that human 
memory is fallible, and upon differences in the 
impression made by such a phenomenon as a 
3-foot snowdrift on a small bov and a mature 
individual. To the small bov, the drift appears 
very deep; to the man, of relatively slight depth. 
But wdien the man recalls his childhood days, he 
remembers the 3 feet of snow as it impressed him 
when he was young. Therefore he concludes, on 
the basis of this remembrance, that the snowfall 
of the present is hghter than that of the past. 
It is possible, of couise, that theie is some evi- 
dence to the effect that our climate may be 
changing slowdy but, if so, the change is much 
too slow to attract the attention of the average 
individual. At present, the preponderance of in- 
formed opinion indicates no perceptible, per- 
manent change in either our w^eather or our 
climate. 

Weather Elements and Their Combinations. 
The elements \vhich make up the w^eather vary 
within wide limits, both independently and in 
almost infinite combination, so that temperature, 
moisture, and wind conditions are never dupli- 
cated exactly in any two successive days in our 
latitudes. For this reason, as stated earlier, “as 
fickle as the weather” has come to mean the 
maximum of undependability. In practice, how- 
ever, the w^eather of a given place on any date 
is something more than a random sampling of all 
the possible combinations of the weather ele- 
ments. Thus, during the summer months of inter- 
mediate latitudes extremely low^ temperatures are 
impossible at or near sea level, and during the 
winter months of these same areas, extremely 
high tempei atiues are unknown, so that the pos- 
sible combinations of weather conditions are 
limited in number, and still further by the fact 
combinations occm'img on successive days are 
not independent of one another. Thus we have a 
spell of warm wj^eather follow^ed by a colder spell, 
with the w^eather much alike in either for a period 
of several days. As a result of these limitations, 
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the term "'summer weather” has a definite mean- 
ing, and when we speak of "winter weathei” a 
definite concept of weather conditions is con- 
veyed. This is even more true when we describe 
seasonal characteristics in the tiopics, where 
monotony of weather conditions is commonly 
much more marked than in intermediate lati- 
tudes, where cyclonic disturbances as they travel 
coastward introduce the unexpected with expected 
regularity. 

Not only is there a certain degree of sameness 
in the weather from day to day in a given locality, 
but there is likewise similarity in the change of 
conditions from season to season, and in the 
weather of a given season from year to year in 
the same place. Thus one area may have long, 
cold winters and short, hot summers, with hght 
precipitation normally falling in greater part dur- 
ing the summer months, with variation in these 
respects only within the relatively narrow limits 
imposed by the general character of the climatic 
conditions. By contrast, a second may have high 
temperatures throughout the year, and abundant, 
well- distributed precipitation. Variation from day 
to day, or over longer periods of time, will again 
be within limitations imposed by the general 
climatic conditions of the specific area. 


The Basis for Climatic Classification. Recogni- 
tion of these general similaiities of weather con- 
ditions in definite areas, in what on first consid- 
eration appears to be the endless confusion of 
the changing weather, makes generalizations on 
climate possible. It likewise permits classification 
of the climates of the world into a relatively small 
number of types, within each of which a certain 
allowable variation occurs from day to day, week 
to week, month to month, and year to year. 

This classification is based first on recognition 
of chmatic types in which precipitation is ample, 
and those in which it is deficient in amount. Then 
the climatic types of ample precipitation are sub- 
divided on the basis of major temperature ditter- 
ences, again on that of precipitation distribution, 
and, once more, on the basis of minor tempera- 
ture variations. Similarly, the dry types of climate 
are subdivided first on the basis of the amount of 
precipitation, and, again, on that of temperature 
conditions. A more detailed discussion of climatic 
classification and of types recognized, accom- 
panied by a map showing their location, will be 
found in the Appendix, Chap. L. Still further 
amplification of this discussion is available in the 
selected references listed at the end of the 
chapter. 


QUESTIONS AND EXERCISES 


1. What is the depth of the atmosphere? What 
subdivisions of the atmosphere are recognized^ 
What are some of the characteristics of each of 
these subdivisions? Which one of them promises 
to play a more important part in our life in the 
future than it has in tire past? Why? 

2. Why is it correct to say that the winds bring the 
weather? What weather do they bring in the 
doldrum belt^ In trade-wind areas? 

3. What instrument is used for measuring air pres- 
sure^ Upon what principle does it depend^ How 
is it read? How may it be used to assist in mak- 
ing weather predictions for short periods of time 
m advance? 

4. To what are the characteristic spells of weather 
of intermediate latitudes related? How and why? 
Why is it fair to refer to our weather as "intem- 
perate”? In what respects, if any, is this vari- 
ability an advantage? 

5. How and where do cyclones and anticyclones 
originate? 

6. In what direction do cyclones travel? Why^ Dur- 
ing what season of the year are they best devel- 


oped^ What relationship do they bear to the 
general air circulation? 

7. What is a thunderstorm^ Why are thunder- 
storms of most common occurrence during the 
summer months^ What is a "dry thunderstorm”? 
Of what importance are such storms^ What is 
the relationship of thunderstorms to cyclones^ In 
what parts of the United States are thunder- 
storms most frequent^ Do thunderstorms actu- 
ally bring cooler weather? Why is it a common 
belief that they do? 

8 What general weather conditions are favorable 
for the occurence of tornadoes? What relation- 
ship do these storms bear to cyclones? 

9. What is the basis for empirical weather predic- 
tion? What is the basis used by the United 
States Weather Bureau at present? 

10. What is a weather proverb^ State several. Upon 
what are such proverbs based^ 

11. What is the present possibility of accurate, long- 
range weather predictions? How reliable are 
long-range weather predictions in almanacs? 
Unon what are they based? 
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12 Is our weather or climate changing^ Why is it a 
common belief that weather and climate are 
changing^ 

13. In what respects is the weather sometlimg more 


than a random sampling of all the possible com- 
binations of the weather elements-^ 

14. On w hat basis are climates classified? 


SELECTED REFERENCES 


Blair, T. A , Climatology, Prentice-Hall, Inc , New 
York, 1942 Part I. 

This section of the text, 128 pages m all, is de- 
voted to a rather comprehensn e treatment of 
general climatology In it are considered tempera- 
ture, wind, and moisture, as climatic elements; 
climatic contrasts, climatic variability; climatic in- 
fluence; and climatic classification. 

Bliss, G. A., Weather Forecasting, U. S Department 
of Agriculture, Bulletin No. 42, 6th ed , Washing- 
ton, 1939. 

This is a popular discussion of weather fore- 
casting, accompanied by maps and diagrams. Fore- 


casting from local conditions and the basis and 
reliability of weather pro\ erbs are also considered 

Trewartha, G T , Afi Introduction to Weather and 
Climate, McGraw-Hill Book Compain, Inc., New 
York, 1943, Chaps IV, V, VI, VH, Ylll, IX, X. 

These chapters, in the order listed, co\'er the 
following subjects, air masses and fronts, storms 
and their associated weather types, tropical rainy 
climates, dry climates, humid mesothermal cli- 
mates, humid microtliermal climates, polar and 
highland climates. Accompanying bibliographies 
will pro\ade sources of even more detailed discus- 
sions of tiiese topics. 



Chapter Sixteen 
SOILS 


Soil. Soil consists of disintegrated and chemi- 
cally altered rock material, mixed with varying 
percentages of organic matter. Ground up rock 
is not soil, for fragmentation alone produces only 
finely divided rock from which soil may be formed 
if additional alteration by weathering of the 
small rock particles and change produced by the 
incorporation of organic material occur. 

The organic material in the soil is composed 
of both living organisms and the residues of 
living matter. This latter homogeneous, dark- 
colored mixture of compounds, representing a 
stage in the decomposition of the organic matter, 
but without definite chemical composition, is 
known as "'humus.” In ordinary mineral soils, the 
organic fraction is 20 per cent or less, when the 
amount increases beyond this percentage, some- 
times to as much as 95 per cent in peat, the soil 
is classed as organic in type. 

Change in the soil, physical, chemical, and 
biological, is continuous. Therefore the soil is a 
complex substance in which conditions are never 
static. Measured in terms of the extent of these 
changes, soils are described as young, mature, 
and old. Since the operation of soil-formmg 
agencies and their results are not uniform, soils 
differ from place to place. Therefore they vary 
in both potentialities and use. At an earlier period 
of history, when self-sufficiency was the rule, this 
was of great importance, for local soil charac- 
teristics affected diet; today, with extensive de- 
velopment of trade, this is true to only a limited 
extent. 

Agricultural Desirability of Soils. The agricul- 
tural desirability of a soil depends on its depth, 
texture, structure, and composition. For a correct 
evaluation of the potentialities of any soil under 
use, it is necessary to know all four of these 
characteristics and their effects. 


Soil Depth. In a state of nature, soil is forming 
continuously at or near the surface by alteration 
of the undei lying parent material. At the same 
time, soil is being removed at the surface by the 
agencies of erosion, wind and running water. If 
soil formation is in excess of soil removal, the 
soil increases in thickness; if the two processes 
balance one another, the soil remains unchanged 
in depth. If removal is excessively rapid, how- 
ever, not only the soil but much or all of the 
unconsolidated parent rock material as well may 
be carried away, in extreme cases leaving the 
solid rock to form the actual surface. 

Normal erosion, or removal of material from 
the surface at a rate which permits maintenance 
of constant and sufficient soil depth, may not be 
detrimental and is often beneficial, for it removes 
the surface layer gradually, thus exposing new 
material upon which the soil-forming agencies 
may work. This is particularly true in the humid 
tropics, where chemical weathering is very active 
and extends to considerable depths so that the 
surface layer of soil soon becomes “old” and 
unproductive. This is one reason why moderate 
slopes in such areas, from which soil is removed 
gradually but continuously, may pass into profit- 
able agricultural use, whereas adjacent flat land 
remains uncleared. Accelerated erosion, how- 
ever, resulting from misuse of the land, is always 
objectionable, even in the tropics. 

The rate of soil removal varies with several 
factors, one of the most important being degree 
of slope, which affects rapidity of runoff, thereby 
determining the ability of the running water to 
ti'ansport material in suspension. From this it 
follows that soils tend to be shallower on slopes 
and deeper on flat land. Though this may make 
the soils on moderate slopes in the tropics more 
desirable, the reverse is true in intermediate lati- 


170 



SOILS 


tudes. This is because chemical weathering of 
the mineral and oxidation of the organic material 
of the soil are less rapid and seldom continuous m 
the higher latitudes. Therefore, when the topsoil, 
in which change has been considerable but not 
excessive, has been removed, that which remains 
is commonly less productive and hence less de- 
sirable for agricultural use. It should be lemem- 
bered, of course, that factors such as chmate, 
vegetation cover, and others, as well as steepness 
of slope, affect both rapidity of runoff and the 
deterimental rate, and that they are, therefore, 
important in determining the exact depth and 
desirability of the soil on any given slope. 

Accelerated Erosion. The problem of acceler- 
ated erosion is not new. It is almost as old as 
agriculture, as has been noted in an earher chap- 
ter. In the American colonies, culturally induced 
erosion began in Virginia with tillage of slopes, 
for early agriculture of the exploitive type, with 
tobacco the major cash crop, tempted disastrous 
practices. By 1769, the soils of Mt. Vernon were 
washing perceptibly and George Washington 
was considering experimenting with contour 
plowing. Shortly after the American Revolution, 
the remark attributed to Patiick Hem*y to the 
effect that “since the achievement of our in- 
dependence, he IS the greatest patriot who stops 
the most gullies” indicates how widespread the 
problem had become. In 1817, Thomas Jefferson 
commented that “fields are no sooner cleared than 
washed.” Though attempts at control were begin- 
nmg by the end of the eighteenth century, and 
though most of the practices in use today for its 
prevention were either developed oi known dur- 
ing the first half of the nineteenth, gullying and 
attendant “soil exhaustion” soon became so com- 
mon that they were regarded as normal by most 
Virginians of those periods, as they have been 
until rather recently throughout most of the 
South. Individual farmers, it is true, have been 
combating soil erosion for nearly 150 years, but 
general appreciation of the seriousness of the 
problem has been lacking, and all too often ero- 
sion and destruction of fields under cultivation 
have been regarded as inevitable under any eco- 
nomically profitable cropping system. 

Conditions Favoring Accelerated Erosion Re- 
moval of the cover of native vegetation with 
agricultural use of the land, or its destruction by 
grazing, is productive of conditions which lead to 
accelerated erosion. Plowing pulverizes the virgin 



Fig 116 The result of se% eral heavy rains fall- 
ing on a moderate slope near Bethany, northwestern 
Missouri Broken from sod 3 years earher, this field 
has been in corn each year since, wdnch, in connec- 
tion wuth tillage without attention to slope, has pro- 
duced serious slope wash (Courtesy of the U. S 
Soil Conserv'ation Service ) 

soil, destroying its natural permeability and ob- 
structing or closing natural openings made by 
plant roots and the tunneling of earthw’orms and 
burrowing animals. Such of these openings as are 
not destroyed by cultivation aie filled with fine 
material, deposited from surface runoff. Con- 
tinued cultivation also decreases the humus con- 
tent, the spongelike character of wdiich adds to 
the water-absoiptive powder of the soil. Over- 
grazing depletes or even destro\ s the native vege- 
tation, the roots of which hold soil in place. Then 
the soil, trampled by livestock and baked by 
exposure to the sun, becomes hard and compact, 
an easy prey to running water, especially on the 
steeper slopes. Thus misuse of the land tends to 
increase the fraction of the rainfall which runs 
off, thereby promoting accelerated erosion. 

The percentage of the rainfall wdiich runs off, 
an important factor in determining the amount of 
erosion, is in part related to soil type. With very 
coarse sands, absorption of winter is great, runoff 
is slight, and soil erosion is normally not serious. 
With finer gi'amed soils, such as silts and clays, 
structure rather than texture beco^nes impor- 
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tant. With a granular structure, in which the sive erosion. On the poorer, badly eroded fields, 
grams function as aggregates, runoff and erosion where the soil has all been removed and crops 


may be slight, but with a single gram structure it 
IS often serious. The organic portion of the soil 
not only has a greater water-absorptive capacity 
than the mineral, but it also increases soil poros- 
ity and permeability by promoting a granular 
structure. Almost universally, therefore, soils of 
low organic content erode rapidly. 

Both length and steepness of slope likewise 
affect total runoff and the amount of erosion, but 
variably with intensity of rainfall. Thus even on 
long, gentle slopes with permeable soils, the per- 
centage of lunoff with heavy precipitation may 
be high, though the reverse is true with rains of 
lower intensity. Always, however, erosion is more 
serious on the steeper slopes, because of the 
greater rapidity of runoff. Therefore soils tend to 
be thin on such slopes. 

Climate and Erosion. Climate affects both the 
type and rate of accelerated erosion. Sheet wash 
and gullying are the predominant types in well- 
watered areas; wind erosion is effective chiefly 
in arid and semiarid regions. Within any given 
humid area, the rate of soil removal is dnectly 
related to rainfall intensity, duration, and distri- 
bution, within a dry area, to the length of the 
rainless periods and the distribution and intensity 
of the precipitation. Temperature, though of 
lesser, is of considerable importance, both as an 
agent of weathering supplying loose material 
subject to erosion, and in producing mass move- 
ment of soil down the slope. Wind, though poten- 
tially an agent of erosion everywhere, is impor- 
tant only in the drier areas and in those parts of 
humid regions where the vegetation cover has 
been destroyed. By promoting rapid evaporation, 
winds also tend to produce conditions favorable 
for their action as agents of erosion in all areas. 

Relation of Erosion and Thin Soils to Crop 
Yields Though frequently attributed to depletion 
of soil fertility, so-called ‘'soil exhaustion’’ often 
results from soil erosion, for as the topsoil dis- 
appears plowing turns up some of the subsoil, 
and, finally, nothing but subsoil. This is often 
inferior clay, sand, or even loose rock, the cultiva- 
tion of which is often unprofitable and always 
disappointing in results, for even when fertilized 
returns are low. 

Experience indicates that with intelligent farm 
practices, yields tend to lemain constant or even 
increase on the better land not subject to exces- 


are grown on the subsoil, however, maintenance 
of yields is difficult and in many cases impossible, 
irrespective of farm practices. Field studies show 
that, under this latter condition, yields may aver- 
age “77 per cent below those of corresponding 
areas still retaining a good cover of topsoil.” The 
more important of the causes pioducmg this 
startling decrease are; deficiency of nitrogen 
content, poor soil structure, and the limited sub- 
soil supply of available minerals used by plants. 
Wherever erosion becomes so serious that produc- 
tion is abandoned on large, formerly cultivated 
acreages, thereby restricting cultivation to the 
less severely damaged areas, it is normally true 
that average crop yields for the region rise 
sharply. 

Extent of Soil Erosion in the Ufiited States. No 
exact data as to the extent of erosion are available, 
and it would probably be impracticable to as- 
semble such data for any given date, since erosion 
is a continuing process. According to the United 
States Soil Conservation Service, at least 50,000,- 
000 acres of land, approximately 5 per cent of all 
land in farms, or 12 per cent of the cropped 
acreage in the United States, have been ruined 
and are incapable of further use. Most of this 
land has already been abandoned. In addition, 
another 50,000,000 acres will soon share the same 
fate and should be withdrawn from cultivation 
promptly. Twice as much more, or over 100,000,- 
000 acres, has lost from one to three-quarters, 
or even more, of the topsoil. It is estimated that, 
in all, more than half the land area of the United 
States has been affected adversely in some degree 
by erosion. 

Further, most of the serious erosion is con- 
centrated in areas long in agricultural use, an 
indication of what the future holds in store for 
others. In certain areas, as much as 25 per cent 
of the land has passed out of use permanently, 
destroying the basis for local support of necessary 
community services, thus creating a state and 
national liability. An example of this condition, 
cited by H. H. Bennett, is afforded by Stewart 
County, in northeastern Georgia, where gullies 
are often “huge, yawning chasms 100 feet or 
more in depth.” This county was ruined by ero- 
sion 30 years ago. Similarly, in the Black Belt oi 
Mississippi and Alabama, soil removal is so com- 
plete, in what was formerly one of the most 
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productive portions of the southeastern states, mixtures of different combinations of the various 


that it is now almost impossible to find a trace of 
the original dark-colored prairie soil, and even 
the subsoil has been removed over considerable 
areas. 

Unfortunately, these conditions are not con- 
fined to a few localities nor to areas which have 
been in agricultural use for many years. Erosion is 
serious, even in recently settled sections in Okla- 
homa; and in the northwest, in Washmgton, 
Oregon, and Idaho. Further, not only running 
water but wind as well takes a heavy toll of soil 
from the Great Plains, in the southern portion of 
which, known as the ‘'Dust Bowl,” approximately 
75 per cent of the total area has been affected 
adversely, and nearly 50 per cent seriously by 
wind erosion alone. 

Soil Texture. Soil texture is determined by the 
size of the constituent mineral grains. If they are 
rather large, the soil is a gravel; if somewhat 
small, 2 to 0.05 mm. in diameter, a sand; if still 
smaller, 0.05 to 0.002 mm. in diameter, or barely 
visible to the naked eye, a silt; and, if very fine, 
less than 0.002 mm. in diameter, a clay. This fine 
clay, plus much of the organic residue of the soil, 
make up what is technically known as the “col- 
loidal” portion. The particles of this part of the 
soil are so fine, averaging 0.0005 mm. or 
0.000002 of an inch in diameter, that under ap- 
propriate treatment they remain suspended m 
water. They are known as “colloids” from the 
Greek word for glue, “kolla,” because of their 
adhesive characteristics. The coarse and medium- 
sized soil grains are largely inert, but the coUoidal 
clay and organic material serve as a source of 
plant nutrients and determine how much water 
can be held by the soil. Therefore their presence 
is highly important for successful crop production 
and profitable agriculture. 

Though there is no necessary difference be- 
tween sands, silts, and clays, other than grain 
size, they normally vary in chemical composition 
as well. Further, few if any soils are composed 
exclusively of grains of sufficient uniformity in 
size to be classified accurately as sand, silt, or 
clay, most soils being mixtures composed of 
various percentages of particles of different sizes. 
Such mixtures are known as “loams.” If a loam 
contains much sand, it is described as a sandy 
loam; if still more sand, as a hght sandy loam; 
only if almost pure sand, as a sand. Similarly, 
soils may be clay loams, silt loams, or other 


grain sizes. 

Soils are sometimes said to be “cold” or “warm,” 
dependent on texture. Sandy soils, v hich dry out 
readily and warm rapidly, are warm soils, mois- 
ture-retentive soils such as clay, which remain 
cold until late in the spring because of their high 
water content, are cold soils. The terms “heavy’ 
and “light” are also used in describing soil tex- 
ture, clay soils being hea\y; sandy soils, light. 
These terms, used in connection wuth soils, have 
no relation to weight but only to textural char- 
acteristics. 

The desirability and uses of soils vary markedly 
with textural characteristics. Light sandy soils, 
with low water-holding capacity and small col- 
loidal content, are of relatively low value for 
general agricultural use, but they lend themselves 
to use for market gardening because they dry 
out and warm rapidlv in the spring, hence allow 
early planting and profitable marketing of crops. 
On the other hand, the heavier soils of higher 
colloidal content, such as silt loams of medium 
gram size, which retain water more effectively, 
are valuable for pioduction of the major field 
crops. Very heavy soils such as heaw clays are 
poorly aerated and of lower agricultural desir- 
abihty. 

Soil Structure. The structure of soils is deter- 
mined by the arrangement of the soil grains. In 
some cases, each grain functions as an independ- 
ent unit; in others, the grains function as aggre- 
gates, several clinging together. If of single grain 
structure, a soil is hard and impervious, shedding 
rather than absorbing water. When the grams 
function as aggregates, so that a granular or 
“crumb” structure results, the soil is loose and 
friable, and its physical condition is such that 
productivity is greater. Inasmuch as the size, 
shape, and stability of such aggregates influence 
soil productivity, maintenance of favorable struc- 
ture of soils under cultivation is highly desirable. 
Many agricultural practices, such as the addition 
of organic matter, serve in part to promote aggre- 
gation of the soil particles and thus improve the 
“tilth,” or the physical condition of the soil. 

The physical condition, or the structure of the 
soil, determines its liquid and gaseous content, 
both important in affecting crop yields. The liquid 
portion, or the soil solution, a major source of 
raw materials from which plant foods are made, 
consists of water containing mineral matter, car- 
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bon dioxide, and oxygen, in solution. If these are 
in proper balance, conditions for plant growth 
are favorable. The gaseous constituents are im- 
portant because normal upland plants or crops 
will not grow in waterlogged soils. Satisfactory 
soil structure is, therefore, fundamental for profit- 
able agriculture. 

Soil Composition. Plants use a considerable 
number of minerals which they absorb, largely 
dissolved in water, through their roots. A few 
years ago, ten elements were considered essential 
for plant growth: carbon, hydrogen, and oxygen 
from the air and water; phosphorus, sulphur, 
nitrogen, potassium, calcium, magnesium and 
iron from the soil. Today, we know that man- 
ganese, copper, zinc, boron, and possibly others, 
are also necessary in minute quantities. 

All soils contains most of these elements in 
amounts sufiBcient to meet plant requirements. 
For example, green plants need iron to make their 
green coloring matter, or chlorophyll, without 
which they cannot produce sugar and starch. 
Therefore, if a normally green plant were grown 
in a soil lacking iron, it would be white in color, 
would be unable to make sugar and starch, and 
consequently it would die. Fortunately, all soils 
contain sufficient iron so that it is never necessary 
to add it to permit plant growth. Despite this 
fact, it is today believed that man may suffer 
from anemic conditions as a result of consumption 
of plant foods grown on iron-deficient soils. Soils 
are, however, frequently low in potash, phos- 
phate, and lime, compounds containing elements 
necessary for the effective growth of crops. There- 
fore it is often the practice to remedy this de- 
ficiency by the apphcation of fertihzers contain- 
ing these substances- The first two, potash and 
phosphate, are added either to promote plant 
growth or to increase crop yields; the third, lime, 
to ""sweeten the soil,” or to correct soil acidity, for 
certain crops such as clover and alfalfa cannot be 
grown in lime-deficient soils. In addition, the lime 
serves other purposes such as improving the 
physical condition of the soil. Occasionally it may 
be necessary to add still other substances in small 
amounts for the successful production of certain 
crops. Deficiencies in soil composition may be 
remedied either by the use of commercial fer- 
tilizers which contain the desired plant nutrients, 
or by the application of animal and other farm 
wastes. 

The ‘"Soil Miner.^" The American farmer who 


grows only a single crop sucli as wheat is fre- 
quently characterized as a ""soil miner” because 
he first ""mines” and later sells the soil minerals 
when he markets his crop. Thus some of these are 
removed from the farm each year, so that the 
amount remaining in the soil for use by the crops 
of the following years becomes less year by year. 
This is reflected in decreased yields. When virgin 
soil is bi ought into production, therefore, the 
initial high yields are followed by smaller and 
smaller returns per acre under cultivation, as the 
original store of mineral plant nutrients is de- 
pleted gradually. Yields will not, however, de- 
crease to zeio, no matter how long a field is 
cropped, even though no fertilizer is applied, for 
new soluble minerals essential for plant growth 
are being released continually by alteration of the 
parent matterial from which the soil is formed. 
When a balance between removal and formation 
of a supply of available minerals is finally at- 
tained, crop yields as determined by soil com- 
position remain constant. But, when this occurs, 
yields may be, and commonly are, so low that 
agricultural use of the land is no longer profitable. 

Crop rotation, that is, growing a given crop 
only every other or every third year on a field, 
with other crops claiming the land in the inter- 
vening period, is a desirable practice, for this not 
only has a tendency to maintain constancy of 
yields, but it also enables the farmer to work more 
effectively by spreading his work over a larger 
fraction of the year. Sacrifice of the future for a 
greater immediate return, the common practice 
in much American agriculture, is not the rule in 
all parts of the world, for in eastern Asia the 
Chinese and Japanese have, by heavy manuring, 
largely with human wastes, used land in produc- 
tion for many centuries without impairing yields. 

Soils Derived from Residual Material Many 
soils are derived from residual material, or the 
residue resulting from disintegration and decom- 
position of the country rock in place. Where this 
IS true, there is a gradual transition from solid 
rock, through partially disintegrated and altered 
rock, the parent material, into the surface soil. 
Under such conditions, soil characteristics are 
affected to a considerable extent by the kind of 
rock which underlies the surface. Therefore 
change in the underlying rock is reflected in soil 
type, agricultural practice, and rural prosperity. 
If the counti-y rock is sandstone, the soils will be 
sands; if a shale, they will generally be stiff, yel- 
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Fig 117. Transition from solid rock to soil in an area where the soil is denied from residual material 
Compare with Fig 118. 


low clays of low productivity, which wash badly in solution. Formed under desert conditions, soils 

under cultivation, if a hmestone, they will com- derived from lesidual material average higher in 

monly be silt or clay loams of high fertihty. Still mineral plant nutiients than do those in humid 

other types of soil, some desirable, others poor, regions, since leaching is less active or absent in 

will result if the residue is derived from other dry areas. However, as has been noted earher, 

kinds of rock. when such soils are used under irrigation, the 

All soils derived from residual material are normal piocesses of better watered areas become 
subject to certain limitations. If the rock is lack- operative, and the soils decrease in desirability, 
ing in certain materials essential for plant growth. Soils Derived from Transported Material Four 
these will hkewise be absent in the soil, which, agencies are important in transporting material 

derived as it is insofar as its mineral constituents from which soils are derived: (1) running water 

are concerned exclusively from the underlying in rivers; (2) glacial ice; (3) waves and currents 

rock, cannot contain minerals lacking in the par- in lakes and other bodies of water; and (4) wind, 

ent rock material. Further, the soil is often de- All of these are competent to move material of 

ficient in minerals present in the underlying rock, various grain sizes from the point of its origin 

particularly those readily soluble in water. Thus and deposit it in other locations, where it forms 

soils derived from limestones may be deficient in the parent material from which soils are derived, 

lime because, in the process of change from rock The material transported and deposited by 
to soil, the limestone dissolves and is carried away streams is known as “alluvium,” which may be 



Fig. 118. Relation between tlie underlying rock, tlie overlying loose matenal deposited by glacial ice, 
and the surface soil. Where the soil is derived from transported matenal, irrespectiv e of tlie transporting 
agency, the gradual transition from solid rock to soil is absent Compare with Fig 117, 
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coarse gravel, sand, silt, or clay, dependent on 
stream velocity. Deposition occurs as a veneer on 
the flat land bordering rivers, particularly in non- 
glaciated areas where flooding of such flat land 
is most common. Thus inhabited, agricultural 
Egypt is the ^'gift of the Nile.” 

During rising river stages, with accompanying 
increase in stream velocity, there is relatively 
little deposition, but with subsidence and de- 
crease in rapidity of flow, much deposit occurs. 
The first material dropped is the coarser gravel 
and sand, mostly near the stream banks, or 
wherever the flood waters are shallow. Farther 
from the river, the deposit is generally silt, still 
farther away, particularly near the valley walls, 
it is fine clay. Though alluvium varies greatly in 
texture, the bulk of the deposit of our larger 
rivers, such as the Mississippi and Nile in their 
lower courses, is of the finer material. 

Soils derived from this finer alluvium are 
commonly of high fertility since the material is 
largely topsoil, supplied by slope wash and as- 
sembled from such a variety of sources that all 
minerals essential for plant growth are present. 
Topographic conditions are likewise favorable, 
so that soil removal is slight and accumulation is 
continuous from year to year. Further, the water 
table is seldom far below the surface so that 
drought risk is not excessive. Except for danger 
from inundation, and excessive leaching in the 
older alluvial deposits, the opportunities for agri- 
culture on soils derived from alluvium are attrac- 
tive. Therefore, when protected from overflow, 
the land generally passes into profitable agricul- 
tural use where climate and market conditions 
are favorable. The popular concept of a valley as 
a fertile area is based upon the fact that the soils 
are derived from alluvium. 

Till, or material deposited directly by glacial 
ice, varies m texture, ranging from huge boulders 
to the finest of clays, deposited as a heterogeneous 
mass of fine and coarse material, ranging in 
thickness from a few inches to a hundred feet or 
more. Not only does the deposit vary in depth 
and textural characteristics, but topographically 
as well. In some places, the land is flat or gently 
rolling; in others, it is hummocky or hilly and 
slopes are steep. Further, such deposits are often 
stony and likewise frequently ‘patchy” in dis- 
tribution. In part, this is because deposits of sand 
and gravel, laid down by water running away 
from the front of the ice sheet, are interspersed 


with the unsorted deposits of till. These deposits, 
like those of till, vary from flat to hilly in char- 
acter, but they differ from those of till in that the 
materials are sorted sand and gravel. 

Till commonly weathers into soils of fair to 
high desirability, some of the best agricultural 
areas in the United States having soils derived 
from material deposited with the melting of the 
ice sheet during and at the close of the last 
glaciation. Such desirability derives from the fact 
that glaciation crushed but did not otherwise 
alter the rock material. Therefore, unless exces- 
sive leaching occurred subsequent to deposition, 
the parent material, supplied by many and often 
diverse areas, still contains the minerals needed 
by plants, if they were in the rocks prior to 
crushing by ice action. 

Lacustrine deposits originate on lake bottoms. 
They are composed of sediment dropped by inlet 
streams where their velocity is checked on reach- 
ing the lake, and of material torn from the shores 
by wave and ice action and distributed over the 
lake bottom by currents and other movements of 
the lake waters. In such deposits, the coarser 
particles, sand and gravel, are dropped near the 
shore and the clay farther out in the deeper, less 
disturbed water. Such materials, being deposited 
under water, are subject to leaching and therefore 
to loss of soluble minerals. On exposure of the 
lake bottom from any one of a number of causes 
producing lowering of ground-water level, soils 
of fair productivity originate from the finer ma- 
terial of such deposits. Along the old shore lines, 
however, where they are sand and gravel, soils 
are poor. An outstanding example of an area in 
the United States with soils derived from lacus- 
trine material is the Red River Valley of Minne- 
sota and the Dakotas, the former bottom of Lake 
Agassiz, which covered this area toward the close 
of the last period of glaciation in North America. 

Wind is able to transport only the finer soil- 
forming materials such as sand, silt, and clay. 
When sand is moved, it often drifts, much as does 
snow, to form dunes. Though frequently much 
higher, these have the same form as snowdrifts, 
with the steep face on the lee or sheltered side 
of the dune. Dunes, sometimes attaining a height 
of as much as 200 feet, are found wherever there 
is sand which dries out sufficiently so that it can 
be moved by wind, with such conditions occur- 
ring in deserts and along the shores of great 
rivers, lakes, and the ocean. These areas of drift- 




Fig 119. Active dunes advancing to the right, or north. Note the gentle slope and rippled surface of 
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4 - 1 .^ IS windward side, its steep slope on tlie nortli or lee side. Looking west on the south side of 

toe ^kansas River Valley, about 4 miles west of Syracuse, southwestern Kansas. (Courtesy of H. T. U. 
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Fig 121. Three stages in the formation of a peat 
bog in a shallow depression. In the uppermost of tlie 
three figures, the shallow, soft-bottomed lake is 
fringed by marsh; in tlie middle figuie, encroaching 
vegetation has captured most of the lake and organic 
fill is extensive; m the bottom figure, the lake has 
disappeared completely and a peat bog marks its 
former site. 

ing sand are of little of no agricultural value, and 
movement of the sand may cause considerable 
inconvenience or even loss in adjoining areas by 
blocking highways, covering fields, burying for- 
ests, and, occasionally, houses and small villages. 
Locally, as in the vicinity of Chicago, and along 
the shores of Lake Michigan, the dune areas* with 
their clean sand afford recreational possibihties. 

When the material transported by the wind 
is very fine, the deposit formed, known as ‘loess,” 
weathers into highly productive soils, even under 
continued use, for new material is added yearly at 
the surface, at least in North China, where agri- 
culture is centuries old. Generally, this deposit is 
mixed with others, or at most it forms only a thin 
surface layer, but in the Rhine, Danube, and 
Missouri-Mississippi valleys, the deposits are 
often many feet thick. In North China, they even 
reach thicknesses of 1500 to 2000 feet, according 
to Cobb. Loess is peculiar in that it stands, as 
does solid rock, in vertical faces along the sides 
of cuts, for which reason roads in loess areas tend 


to intrench themselves as the dust raised by 
passing vehicles blows away. In North China, 
this depression of the roadbed below the general 
level of the country is sometimes as much as 30 
feet or more. The Chinese take advantage of the 
fact that loess does not slump, as does other un- 
consohdated soil-forming material, to excavate 
houses in the steep-sided loess bluffs which face 
depressions and border valleys of the Loess High- 
lands of northern China. 

Soils Derived from Organic Materials. Soils of 
marshes, swamps, muskegs, moors, and fens, 
where conditions are favorable for rapid and 
extensive accumulation of organic material, are 
derived largely from such deposits. Such soils 
are known as “mucks” and “peats,” various means 
of differentiation between the two being recog- 
nized. One of the more common is based on the 
percentage of organic material present. On this 
basis, a soil may be classed as peat if the organic 
material exceeds 70 per cent; if less, but more 
than 20 per cent, as muck, if below 20 per cent, 
as an ordinary mineral soil. 

Organic material accumulates in sufficient 
amount to be important as a major soil-forming 
material only under certain favorable climatic 
and topographic conditions. In arid areas, vege- 
tation is too sparse to make appreciable accumu- 
lation of plant remains possible; if rainfall is 
abundant and temperatures are continuously 
high, decay is so rapid that but little organic 
material is preserved. Only in well-watered areas 
with cold winters and summers of sufficient 
length to permit abundant plant growth does 
climate permit formation of muck and peat. 
Hence such soils are common only in the higher 
intermediate latitudes, particularly in the North- 
ern Hemisphere, where land masses are exten- 
sive. Further, topographic conditions must be 
favorable, since preservation and accumulation 
of organic material in considerable quantity occm 
only where the surface is either wet or covered 
by water to a slight depth. Therefore muck and 
peat are found in shallow depressions and cover- 
ing flat, poorly drained areas, or heath, where 
the soils are lime deficient. These conditions 
occur in the swamps of the coastal plain of south- 
eastern United States, where soils such as those 
of the Everglades of southern Florida are mucks. 
They likewise occur in the glaciated areas of 
northeastern United States, where numerous 
shallow depressions and flat, poorly-drained 
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areas, in combination witb low wnnter tempera- 
tures, afford conditions favorable for the accu- 
mulation of peat. In Minnesota, for example, 
one-seventh of the land suiface is covered by 
peat to a depth of 3 feet or more. There, the 
larger and more important deposits occur on flat, 
poorly drained land such as the former bottom 
of glacial Lake Agassiz. 

Since peat varies in origin, texture, and hme 
content, it differs in type and potential value 
from place to place. The common peats of the 
lugher latitudes, of some value for fuel but of 
low desirabihty for agricultural use, originate 
largely from accumulation of the remains of 
sphagnum moss. Those of somewhat lower lati- 
tudes, formed from the remains of sedges, grasses, 
and similar herbaceous plants, are better adapted 
for use in crop production. The best of all for 
agricultural use are the structureless peats of 
sedge-grass bogs, the waters of which are hard or 
have a high lime content. 

The only important uses of peat are: (1) for 
fuel; and (2) for agriculture. Sphagnum peat is 
used rather extensively as a fuel by the peasants 
of northwestern Europe, where human labor is 
cheap, working hours are long, and standards of 
hving are low. In this country, with an almost 
limitless tonnage of good, easily accessible, and 
relatively cheap coal, together with standards of 
living unknown elsewhere in the world, all at- 
tempts, either experimental or commercial, to 
utilize the fuel value of peat have proved eco- 
nomically unprofitable. 

Agricultural use has also proved a disappoint- 
ment in many areas in this countiy; only utiliza- 
tion of high-Hme peats in favored locations has 
been even moderately successful. Woi king against 
the producer is the fact that, not only must the 
land be drained before it can be used, but it also 
requires heavy fertilization, since all peats are 
deficient in potash and phosphate. A further 
liability is excessive frost hazard, resulting from 
the occurrence of peat in depressions or on flat 
land with poor air drainage. Under these handi- 
caps, only hay crops and hardy vegetables can 
be grown to advantage. But the market for many 
such vegetable crops is limited and hkewise often 
far from the producing area. Further, garden 
crops require much hand labor, distasteful to the 
average American farmer though not to the 
European. One crop which would appear to be 
a possibility and one grown rather commonly, is 


the potato. Even with this crop, however, there 
are the dangers of summer fiosts and flooding, 
winch sometimes produce a total crop failure. 
Moreover, the giower is handicapped by con- 
sumer prefeience, since the average liousewafe, 
the purchaser, prefers potatoes grown on sand 
land, in the belief that they are of superior quality. 
Though this is not necessarily a fact, it still makes 
it difficult to maiket the crop at a satisfactory 
pi ice. 

Soil Classification. Until about 1910, classifica- 
tion of mineral soils wns based on the t)"pe of 
paient material from which the soils were de- 
rived, and upon wliether they w’ere formed by 
decomposition of the imderhing rock in place, 
that IS, fiom residual material, or from material 
wliich did not originate in place, but was trans- 
ported. Wflth such a basis for classification, soil 
and surficial geology maps w^ere essentially the 
same. 

With further study, wffiich has accompanied 
recent developments in pedology, or soil science, 
it has become apparent that some of the more 
important characteristics of normal soils are not 
determined by the t\pe of material, but result 
from climatic, vegetation, topographic, and age 
conditions. The older classification has therefore 
passed out of use and has been superseded by one 
based on such characteristics of the soil profile or 
section as color, texture, maturity, and chemical 
conditions with respect to lime accumulation. In 
view of the fact that so many environmental 
factors affect the character of soils, and that 
adjustments to soils are specific, there is no better 
single indicator of enviionmental conditions in 
their entirety than that supplied by soil types. 

Except under desert, sw'amp, and timdia con- 
ditions, soils change from the surface downward, 
three more or less distinct zones or horizons being 
recognizable in a section such as a roadside cut. 
Beginning at the surface and extending down- 
ward anywhere from a few^ inches to a depth of 
a foot or more, is the ‘‘A” horizon, dark and 
sometimes black in coloi because of the large 
accumulation of organic matter. In this horizon, 
the maximum amount of change has occurred, 
for it is the oldest. Consequently, oxidation, or 
union with oxygen; leaching, or removal of 
soluble minerals, and eluviation, or mechanical 
displacement downward of fine material by 
welter, have been most extensive The second, or 
“B” horizon, consisting of less altered material. 
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may be illuviated, or have its pore spaces fiUed 
by the fine material carried down from the "A’^ 
horizon, even to the extent that a hard, compact 
layer or ^‘hardpan” develops. The horizon, 
the third, is composed of the parent rock ma- 
terial. 

Soils with normal profiles are subdivided into 
major groups on the basis of lime content and 
accumulation: (1) the pedalfers, or nonhme- 
accumulating soils of better watered areas; and 
(2) the pedocals, or lime-accumulating soils of 
regions of deficient precipitation, or semiaridity. 
This, it will be noted, is a division based on 
differences resulting from climatic conditions, not 
on type of parent material. The pedalfers and 
pedocals are subdivided on the basis of other 
physical characteristics which result, not only 
from the character of the parent material, but as 
well from temperature, precipitation, drainage, 
and vegetation conditions in the areas of their 
occurrence, since these environmental factors are 
reflected in soil characteristics. A soil classifica- 
tion on this basis, with a brief statement of areas 
of occurrence and characteristics of the profile of 
each of these subtypes, will be found in the 
Appendix, Chap. LII. 

Soils of grassland and forest areas differ in 
agricultural desirability, and the same is true for 
the soils which develop under different types of 
forest and grassland cover. Thus soils of the grass- 
lands are on the average better than those of 


forested areas; the soils of areas with coniferous 
forest are poorer than those of areas with hard- 
wood forest; and the soils of the steppe or dry 
grasslands are not so good as those of the J^^ore 
humid prairie regions. The reasons for this will, 
in considerable part, be evident after a study of 
the profiles and descriptions of the various soil 
types listed in the Appendix, Chap. LII. So long 
as agriculture was confined to forested areas, 
production was therefore hmited and extensive 
mechanization was impossible. Only with expan- 
sion of agriculture into the fertile prairie and the 
better watered steppe grassland areas was large- 
scale production with extensive use of machinery 
a possibihty, and not until then did food become 
abundant and cheap, and the fear that popula- 
tion would outstrip food supply disappear. To- 
day, however, as a result of soil misuse, this again 
looms as a possibility. 

Soil Misuse. Our soils are a national heritage 
which should be conserved, but this desirable 
end can be attained only by certain fundamental 
modifications of our past attitudes and perform- 
ances. Problems of present soil misuse are most 
apparent and serious in cutover and hilly regions 
of the South and East, where occupation has 
been longest, but they are likewise present in our 
range land, our dry farming and irrigated areas, 
and in swamp regions which have been drained 
unwisely. Even the best of our farm land presents 
some which deserve immediate attention. 
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Fig. 122. Soil groups of the world. (After Marbut, Kellogg, Wolfanger, and others.) 
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Fig. 123 Soil groups of the United States. (After Marbut, Kellogg, Wolfanger, and others.) 


Part of the misuse of our soils results from 
ignorance, but a larger part stems from social 
and economic conditions. The long prevalent be- 
lief that land was unlimited in amount led to 
early grants, which were virtually presents, of 
large acreages to both individuals and corpora- 
tions. Subsequently, land speculation and use 
followed in which the principal profit was from 
increase in land prices which occurred when free 
land was exhausted. In farm practices, therefore, 
the immediate return was of paramount impor- 
tance, this being intensified by the necessities of 
a large and increasing tenant population, these 
two, singly or in combination, producing condi- 
tions so critical that realities must finally be faced 
or disaster is inevitable. 

Individual initiative, plus hasty and poorly 
conceived legislation, have within less than a 
century cooperated to produce results which can 
no longer be ignored, if the future is to be as- 


sured. Present palliatives such as aid to distressed 
areas, whether in cutover lands or the Dust 
Bowl, merely perpetuate and intensify existing 
undesirable conditions, already almost intolerable 
in those areas. They are only anodynes which 
temporarily reheve but do not remove the cause 
and produce a cure; they may serve certain ends, 
but not the interest of the country, for they do 
not eliminate agricultural slums. 

To solve the problem will necessitate taking a 
long-time view, and a program of education, 
both for the fanner and the general public. It 
can be solved only by putting the land to its best 
use, whether in forest, grazing, or agriculture, 
and by following practices in such uses which 
will eliminate unnecessary and undesirable 
changes in our soils. For an extended discussion 
of measures necessary to secure these results, the 
student is referred to the selected reading hst at 
the end of this chapter. 
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QUESTIONS AND EXERCISES 


1. What is soiP How are soils formed^ Of what are 
soils composed? What percentage of an ordinary 
mineral soil is mineral mattei^ What factors de- 
termine the agricultural desirability of soils? 

2. Why may normal erosion be beneficial to soils? 
Why is this particularly true in the humid trop- 
ics^ What is meant by accelerated erosion^ How 
far back in history has acceleiated erosion been 
a problem? 

3. What are the more important causes of accel- 
erated erosion^ How does it affect crop yields? 
Why^ How extensive is tins type of erosion in 
the United States? 

4. Into what classes are soils divided on the basis 
of texture^ What is a warm soil? A cold soil? A 
heavy soiP A light soiP For what uses are warm, 
light soils best adapted? Why^^ What is a loam? 
Are all loams fertile^ Why^ What are coUoids 
and what is their function m soils^ 

5. What is meant by the tilth of a soiP What struc- 
tural condition of soils is most favorable for agri- 
cultural productions^ Whyi^ What steps can be 
taken to ensure this favorable structural condi- 
tion? 

6. In what mineral plant nutrients are soils fre- 
quently deficients^ What is the fimction of each 
of these, and how are they supplied if they are 
lacking m a soil? 

7. Why is the American farmer sometimes charac- 
terized as a soil miner? Why will crop yields 
never decrease to zero, even under a system of 
continuous single croppmgS^ Why may single- 
crop agriculture prove unprofitable, even though 
this does not occur? 

8. What are tlie common limitations of soils de- 
rived from residual materiaP Why are soils of 
arid and semiarid areas often of high fertility? 
What effect does application of irrigation water 
have on soil texture in such areas, and how does 
this affect agriculture? 

9. What are the four agencies competent to trans- 
port soil-forming materiaP Which of the four 
operate in your home area? 

10. What is alluvium^ What is tlie texture or grain 
size of this material? What is the general dis- 
tribution of alluvial deposits of various grain 
sizes with reference to the stream channel? 
Why? Why are soils derived from recent allu- 
vium commonly of high productivity? Why are 


those derived from older deposits less desirable? 

11. What name is applied to the soil-forming ma- 
teiial transported and deposited by glacial ice^ 
How does it vary in texture^ Why are soils de- 
rived from till frequently very productive^ From 
what handicaps do soils derived from till some- 
times suffer^ Why are soils derived from the 
older tills less desirable than those formed from 
the younger tills^ 

12. What are the sources of lacustrine deposits? In 
what area do important deposits of this material 
occur in the United States^ How desirable are 
the soils derived from such deposits^ From what 
handicaps do tliey suffer^ 

13. In what types of location do sand dunes occur^ 
Why^ Of what economic value, if any, are such 
dunes^ What is loess? How do the Chinese make 
use of one of the peculiar characteristics of 
loess ^ Where are some of the great loess deposits 
of the world found^ 

14. What names are applied to areas covered with 
organic soils^ What are the two types of organic 
soil? What is the distinction between them^ 
What are the topographic and climatic condi- 
tions favorable for peat accumulation? Why is 
there little peat in either very high or low lati- 
tudes? 

15. What are the major classes of peat? How do they 
compare with respect to desirabihty for various 
uses^ What handicaps always confront the 
farmer who operates on peat soils? Why is the 
American farmer generally averse to the type of 
production possible on peat soils? 

16. How were soils formerly classified^ On what 
basis are they classified today in this country^ 
Why are soils an excellent indicator of the sum 
total of environmental conditions? What is a 
pedalfer? A pedocal? What are the differences in 
the conditions under which the two develop? 

17. Compare the soils of grassland and forested 
areas, and those associated with different types 
of grassland and forest cover, with respect to 
relative desirabihty for agricultural use. How and 
why did agricultural invasion of the grassland 
area produce a revolution m agriculture in the 
Western world? 

18. Discuss the abuse of our soils and the problems 
arising from such abuse. 
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chapter Seventeen 

INLAND WATERWAYS AND NAVIGATION 


Extent of Use of Rivers for Navigation. Use of 
rivers and other inland waterways as highways 
varies, both from place to place and from time 
to time, in any given locality. In undeveloped 
and sparsely inhabited areas such as the Amazon 
basin, where there are virtually no rail hues and 
where roads are seldom if ever more than rough 
trails through the virgin tropical forest, rivers 
afford the only practicable routes of travel, ex- 
cept for relatively short distances. Some densely 
populated areas also lack other satisfactory high- 
ways and their inhabitants depend on rivers. For 
example, the Yangtze affords the only effective 
means of access from the seaboard to the western 
provinces of China. Likewise, in highly developed 
areas in Europe, where populations are dense, 
the volume of goods to be moved great, and 
various means of moving this freight can be em- 
ployed to advantage, rivers such as the Rhine, 
Danube, and even many smaller streams have 
been improved and brought into more or less 
effective use to supplement other types of trans- 
portation. 

In our own continent, the extent of use of 
rivers has varied with both place and the passage 
of time. During the Colonial period, French ex- 
ploration and exploitation of the fur resources 
of the interior were made possible by use of a 
system of waterways unrivaled elsewhere in the 
world. By contrast, the English, blocked by 
French occupation, and likewise confined to the 
seaboard in the absence of effective means of 
inland penetration by river, turned to agricul- 
ture, maritime pursuits, and small-scale industry 
to secure a livelihood. With relinquishment of 
French control of the interior, however, and 
especially after the American Revolution, settle- 
ment spread from the Atlantic seaboard to the 
area west of the Appalachians, much of the move- 


ment of population being at least in part by river. 
A favored route for the migration was down the 
Ohio from the present site of Pittsburgh, thence 
up some of its tributaries, or from some point of 
debarkation on the Ohio, overland to the destina- 
tion. Rivers maintained their importance as high- 
ways until after the Civil War, since rail service 
was poor and most roads were hardly worthy 
of the name until later. During this early period, 
St. Louis was a larger city than Chicago, because 
riveis, which for many years carried most of the 
passengers and freight, focused on St. Louis 
rather than Chicago. Subsequently, with improve- 
ment of railroads, rivers fell into increasing dis- 
use, except in areas not served by rail lines. By 
1930, this change had gone so far that St. Louis, 
which was four times as large as Chicago in 
1840, when rivers were the major highways, was 
only one-fourth the size of Chicago, a more im- 
portant present-day focus of rail lines. Of late 
there has been increasing interest in the possi- 
bility of improving and employing our rivers to 
a greater extent for use in navigation, and in 
thus restoring to them some of their former sig- 
nificance in our transportation system. 

Conditions under Which Improvement of 
Rivers for Navigation Is Desirable. There is a 
general popular belief that improvement of rivers 
for navigation is always, or at least generally, 
desirable. This erroneous belief is based in part 
upon the successful use of some improved Euro- 
pean rivers, and in part upon the importance of 
rivers in this country in earlier times, even though 
under conditions very different from those of the 
present. 

Before any river is improved for navigation, 
however, a careful study of the conditions of the 
particular river and of the area to be served 
should be made» Under no circumstances should 
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Fig. 124 Dock and packet boats, Paducah, Kentucky The Ohio River varies so much m volume of 
flow that a floating dock, which rises and falls with the river, is necessary The stern-wheeler packet boats 
at the dock serve the area drained by the lower Cumberland and Tennessee rivers, where other means of 
transportation are inadequate. 


it be a study of some other river and some other involved. Given sufficient money, it is, of course, 


area and, certainly, if the river to be improved 
is in the United States, not one of some river and 
area in Europe. One factor v^hich should be con- 
sidered is whether there is any freight to be 
moved and, if so, whether the amount is suffi- 
cient to warrant river improvement. A second is 
whether the freight will move by water, for it is 
frequently true that a river is virtually unused, 
even after improvement, freight still moving by 
rail, even though river transportation is available. 
A third, and possibly the most important of all, 
is the effect river improvement will have on other 
forms of transportation. Since there is only a 
definite amount of goods to be moved, unless 
river improvement opens up new sources of 
freight, adding another means of transportation 
merely divides the traffic among a greater num- 
ber of carriers, to the disadvantage of all, and 
often to the detriment of the communities served. 
A fourth fact to be considered is the expense 


possible to improve almost any river so that it 
can be used for navigation, but it frequently 
happens that the benefits derived from such im- 
provement are not sufficiently great to warrant 
their cost. In the final analysis, improvement of 
rivers for navigation is desirable only when the 
volume of freight to be moved is sufficient to 
employ all available means of transportation 
profitably, and in case the expense involved is 
not all out of proportion to the benefits derived. 

Fhysical Conditiom of Rivers as They Affect 
Use for Navigation. Whether improvement of a 
given river is desirable depends in considerable 
part on the physical characteristics of the stream: 
direction of flow, depth and stability of channel, 
variability of volume, gradient, extent of mean- 
dering, and the amount of interruption by ice, 
since these affect both costs and extent of use 
after improvement. 

Many rivers otherwise desirable for use in 
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Fig. 125. Dam 7, near La Crosse, Wisconsin, on tlie Upper Mississippi River, with lock and tow at the 
right, June 9, 1937, This dam is one of several designed to ensure adequate channel depth, the lock enables 
tows to pass the dam Note the rail hne, which also carries freight, in the foreground on the Minnesota 
side of the river; a second, not shown, parallels the river on the Wisconsin side. (Courtesy of the U. S. 
Engineer Office, War Department.) 

navigation, insofar as their physical character- 
istics are concerned, are of little present value and 
hold forth no promise of greatly increased future 
importance because they flow in the wrong direc- 
tion. Obviously, there is no good reason for 
improving a south-flowing river to carry freight 
which moves east, since it will have little if any 
effect on the direction of flow of trade. 

Every river consists of slack water stretches 
of some depth, separated by shallows, which de- 
termine the effective channel depth. If these 
latter portions of a stream are too numerous, 
or the water in such stretches is of too slight 
depth, the cost of improvement may be pro- 
hibitive. Further, though some rivers have chan- 
nels which vary but little in location and depth, 
those of others change frequently or are blocked 
by siltmg after every flood stage, necessitating 
constant dredging to keep them open for naviga- 
tion. Such streams are badly handicapped in use, 
since the changing channel introduces hazards in 


navigation, and silting entails expense not neces- 
sary where the channel and its depth are rela- 
tively constant. The rivers of North China, such 
as the Hwang and the Hai, afford excellent illus- 
trations of the disadvantages of silting and a 
changing channel. 

In many parts of the United States, as well as 
in other parts of the world, rivers fluctuate greatly 
in volume. In extreme cases, they may be almost 
dry during low-water stages yet carry much water 
when in flood. Such great fluctuations in volume 
limit effective use to those months of the year 
during which channel depths are sufficient to 
permit navigation and may, therefore, make use 
unprofitable. It is possible, of course, to regulate 
stream flow by construction of reservoirs to im- 
pound flood waters, to be fed into the river during 
normal low-water stages, but this may cost so 
much that the benefits derived are not sufficient 
to warrant the necessary expenditure. 

Rivers with steep gradients have swift currents 
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and are often interrupted by rapids and falls. 
These cause difficulties in navigation which may 
even necessitate transshipment of freight if it is 
to move by water, thus increasing costs of river 
transportation. This necessity may be eliminated 
by construction of locks, it is true, but the cost is 
commonly rather high and often too great to be 
warranted. Further, such locks delay freight 
movement, and their operation and maintenance 
involve a continued expense. For these reasons, 
rivers interrupted by rapids and falls are com- 
monly unused except in young and poorly de- 
veloped areas and, where used elsewhere, other 
conditions are sufficiently favorable to offset the 
handicap. 

Rivers, especially those flowing over relatively 
flat slopes, seldom follow a direct path between 
two points, but meander, developing great loops 
m their courses so that distance by water between 
two points is much greater than by land. In some 
cases this increase in distance may be so great 
as to more than offset any savings resulting from 
lower rates per ton mile by water. Thus a stream 


which meanders badly is less desirable for navi- 
gation than one without excessive departure from 
a direct route. 

To be used effectively for navigation, rivers 
should be open throughout the year but, in areas 
with long, cold winters, they freeze over, often 
for as much as five months or more each year. 
This shortening of the season of navigation adds 
to costs of river transportation and, lessening as 
it does its dependability throughout the yeai, is a 
marked disadvantage to both vessel owners and 
the communities served. 

The ideal river, from the standpoint of its 
effectiveness for use in navigation as determined 
by physical characteristics, is one which flows in 
the direction in which freight moves; one with 
a deep and stable channel, one of considerable 
volume which fluctuates little; one flowing slug- 
gishly, but not meandering excessively; and one 
in which freezing does not interfere with use 
throughout the year. Such a river does not need 
improvement and it would find use in any area 
where freight was available. 





Fig. 127. Loading lumber at Portland, Oregon, located on the Willamette River near its junction with 
the Columbia. The navigability of these two streams in their lower courses makes Portland an inland 
seaport. (Courtesy of the Portland Chamber of Commerce.) 





Fig. 128. Bonneville Dam, 140 miles upstream from the sea at the limit of tidal influence, is the 
first of 10 dams built or planned for the Columbia River, The dam across the main channel of the river 
is at the left, the Washington side, with a fish ladder at its left end. To the right of Bradford Island, in 
midstream, is a second fish ladder, the power house, and, at the extreme right, the navigation lock. It will 
be noted that this is a multipie-purpose project. (Courtesy of the Bonneville Power Administration, U. S. 
Department of the Interior. ) 
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Fig. 129 Port facilities and terminals at Stockton, California, an inland seaport on the dredged lower 
course of the San Joaquin River. (Courtesy of the Stockton Chamber of Commerce ) 


Our Important River Highways. Our major 
river highways are those afforded by the Missis- 
sippi and its larger tributaries, particularly the 
Ohio, which carries approximately 35 per cent 
of the river-borne trajffic of the United States, 
with the amount increasing yearly. Most of this 
freight originates in, and is destined for points 
withm, the Pittsburgh district. The important 
commodities handled are bulky, with coal leading 
all others, but with iron, gasoline, and gravel 
likewise important, these four making up more 
than 90 per cent of the freight in normal times. 
The Lower Mississippi River also carries a large 
volume of freight, including much cotton and 
similar bulky commodities. Short lower stretches 
of some of the rivers of the Atlantic, Gulf, and 
Pacific coastal areas are likewise used extensively 
but, in such cases, much of the trafiic is, properly 
speaking, in sea rather than river-borne freight, 
for improved rivers have converted inland cities 
such as Stockton, California, into seaports. On the 
Mississippi River and its tributaries, the freight is 
transported in greater part by large barges, 


pushed by stern-wheeler towboats. There are few 
packet lines remaining in operation today, except 
in areas poorly served by rail Further, their 
routes are commonly short; incomes are in many 
cases in considerable part from tourist trade; and 
returns are both uncertain and often unsatis- 
factory. 

Unwise Improvement of Our Rivers. Many of 
our rivers have been improved for navigation 
unwisely, demonstrated by the fact that in certain 
cases the increase in freight carried after im- 
provement has been virtually zero, and in many 
others, it has been very slight. Many illustrations 
of such hasty and unjustified improvements could 
be mentioned, but only a few will be cited by 
way of illustration. 

One river improved for navigation, but still 
not used to any great extent, is the Kentucky, 
which rises in the coal-mining area of the eastern 
part of the state. Construction of several dams 
and locks was undertaken to convert the river into 
a series of slack- water stretches, with the expecta- 
tion that coal would move by water with com- 
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Fig. 130 Freight terminal and terminal facilities, Louisville, Kentucky. ( Courtesy of the U. S. Engi- 
neer Office, War Department) 


Fig. 131. A coal mine on the Kentucky River near Beatt 5 rville, Kentucky. The mine mouth is far up 
on the hillside, hidden by trees. Coal from this mme, a horizontal shaft into the mountain side, moves by 
gravity to the waiting barge. Where mines are located as favorably as this, the coal may move by water 
rather than by rail. 
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pletion of these improvements. Neveitheless, 
most of the coal stili moves out by rail Some 
moves by water, it is true, but that was likewise 
the case before construction of the dams and 
locks. The total volume of freight moved by the 
river today is, in fact, so small that the improve- 
ment represents a subsidy of several times the 
rail rate for every ton of freight moved. Improve- 
ment was plainly not warranted on the basis of 
normal shipments of coal and other bulky com- 
modities. 

Another river on which huge sums have been 
expended to improve its navigability is the Ten- 
nessee. Prior to 1930, $19,000,000 had been 
spent for that purpose, thereby subsidizing the 
shipping of that date at the rate of 9.8 cents per 
ton mile, even more heavily than on the Ken- 
tucky, to move types of freight, most of which 
were carried by water before the river was im- 
proved. This subsidy was so considerable that it 
normally represented approximately 90 per cent 
of the actual value of the freight moved. Yet, 
despite the results secured by these earlier ex- 
penditures, TVA charges "19.8 per cent of its 
normal multiple-purpose” investment to naviga- 
tion, ostensibly with the idea that normal freight 
movement warrants such a charge. 

Improvement of the Upper Mississippi and 
Missouri rivers falls into the same categoiy as do 
the two preceding examples, and many others of 
similar character could be listed. As for the Upper 
Mississippi River improvement, the report of a 
disinterested, nonpartisan committee appointed 
to consider the merits of the project was adverse, 
even though completion of the project was 
recommended, on the basis of previous extensive 
commitments. Even the proposed Lakes-to-the- 
Sea Waterway, today much in the public eye, has 
been pronounced economically unsound by com- 
petent economists who have subjected the project 
to careful study. 

It is apparent from past experience that too 
many rivers have been improved for navigation 
vathout sufficient preliminary study of the facts, 
or for interested reasons. It is equally apparent 
to all who consider the question objectively, 
without personal bias or self-interest at stake, 
that we can avoid the mistakes of the past only 
by adopting a different policy in the future. 

Lake Navigation. Few lakes are used to any 
.great extent for moving freight, since most of 
them are small and, even though some are of 


considerable size, little freight is available for 
shipment fiom shore to shore. In many cases, 
lakes actually obstruct rather than facilitate the 
flow of tiaffic by imposing a water barrier in the 
path of a land route, thus adding to the length of 
the rail haul or making ferrying necessary. The 
North American continent, however, is fortunate 
not only in having 12 out of the 22 largest lakes 
in the world but also by having 5 of these con- 
nected with one another by navigable water- 
ways. Further, this chain of lakes is located in the 
heart of the continent, where the volume of 
freight is great, and the types of commodities to 
be moved lend themselves to shipment by water. 
The Great Lakes therefore present an exception 
to the general rule that lakes are of but little 
importance as carriers of trade, for the fact that 
they are both large and deep, as well as con- 
nected, permits advantageous water shipment of 
bulky commodities for considerable distances, 
without the necessity for transshipment. Not only 
is the continent favored by these conditions, but 
this country is peculiarly fortunate in that the 
Great Lakes are so located that we profit most 
from their availability for use in carrying freight. 

Other Factors Favoring Use of the Great Lakes 
for Navigation. With all the natural physical ad- 
vantages of the Great Lakes, plus man's improve- 
ment of the connecting waterways including 
construction of canals and locks, the fact that 
they freeze in winter, thus shortening the season 
of navigation, would prevent their effective use 
if it were not for other favoring conditions. One 
is the fact that several bulky commodities: iron 
ore, coal, hmestone, pulpwood, plus wheat and 
other grains, are available for shipment in enor- 
mous tonnages. In a year of normal production, 
for example, upwards of 40,000,000 tons of iron 
ore alone are moved from the Lake Superior ports 
to those of the Lower Lakes, in addition to more 
millions of tons of other commodities, both from 
and to the head of the Lakes. In an emergency, 
this tonnage may more than double. 

Even this would not permit profitable opera- 
tion of cargo carriers if it were not for the excep- 
tionally efficient terminal equipment of the lake 
ports, which makes rapid handling and discharge 
of cargoes possible. This obviates the necessity 
for extended, unprofitable periods of time spent 
in port, and enables effective use of the season 
of navigation in the actual transportation of 
freight. Thus earnings are sufficient to offset the 




Fig, 132. Looking down on the business section and harbor of Duluth, Minnesota, behind Minnesota 
Point, a bar across the west end of Lake Superior at the mouth of the St Louis River The harbor entrance, 
with its unique aerial lift bridge, cuts across the bar. Duluth is an extremely attenuated city located on the 
narrow strip of flat land along the waterfront, with very steep grades on the short cross streets which climb 
the lower slopes of the upland. (Courtesy of the Duluth Chamber of Commerce.) 



Fig 133 Loading iron ore at Duluth, Minnesota. The ore slides by gravity from the loaded hopper ore 
cars on the trestle directly into the hold of the vessel. Though the capacity of the freighter is 14,000 tons, 
requiring 300 cars for transportation of the necessary ore from the mines, the hold can be filled in 3 hours. 
( Courtesy of the Duluth Chamber of Commerce. ) 
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lack of revenue during the period of idleness of 
the winter months. In addition to the port facili- 
ties, the cargo carriers themselves are highly spe- 
cialized in type and of sufficient capacity to 
permit economical operation. The major portion 
of the traffic of the Great Lakes is bulk freight, 
most of the package freight moves by rail, and 
the same is true for passenger traffic, except for 
limited excursion trade. Only on the Lower Lakes, 
particularly between Detroit, Cleveland, and 
Buffalo, is passenger and package freight traffic 
important 

Lake Forts. Most of the lake ports have harbors 
developed by dredging and otherwise improving 
the lower courses of streams, generally of small 
size unless connecting two of the Great Lakes, 
as does the Detroit River. In some cases, these 
' mner harbors” are supplemented by artificial 
or semiartificial harbors protected by break- 
waters, in the lake proper. The harbor of the 
port of Duluth at the head of Lake Superior, 


for example, is a bay back of a bar at the mouth 
of the St Louis River; that of Toledo, the lower 
course of the Maumee; that of Cleveland, the 
lower Cuyahoga River. Chicago has several har- 
bors: one the Chicago River, another in the lake, 
protected by a breakwater; others in South Chi- 
cago, made by dredging shallow nautrai channels 
and lakes. 

Each of the Great Lakes ports presents scenes 
of considerable activity during the season of 
navigation. In view of the great importance of the 
freight trade of the Great Lakes, practically all 
of the lake ports have developed harbor and 
terminal facilities for storing commodities to be 
shipped, as well as for loading and unloading 
cargoes. Grain discharges from elevators on the 
harbor front through pipes into the holds of the 
vessels at the dock and it is removed similarly; 
iron ore slides down chutes by gravity into the 
open hatches of the cargo carriers and is removed 
by great mechanical scoops with comparable 



TTtp There are five locks in all at Sault Ste. Marie, between Lake Huron and Lake Superior; four 

Life Magazine. ) 
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Fig 135 Typical lake freighters and the unloading of iron ore, Cleveland, Ohio. The vessel in the 
foreground is discharging cargo, the ore being transferred to the waiting cars by means of the great mechani- 
cally operated cranes and shovels, shown m use. (Courtesy of the Cleveland Chamber of Commerce.) 


rapidity. Some of these processes of loading and 
cargo discharge, together with a view of a typical 
lake port, are shown in the accompanying illus- 
trations. 

The inhabitants of many of the lake ports be- 
lieve that completion of the Lakes-to-the-Sea 
Waterway would transform them into important 
ocean ports. However, before accepting this as a 
fact, it IS well to remember that enormous ex- 
pense would be involved in deepening not only 
river channels but harbors as well, that naviga- 
tion would still be limited by ice to part of the 
year; that navigation hazards are greater on 
narrow waterways than on the open ocean, and, 
last but not least, cargoes for both inbound and 
outbound passage would be difficult to secure. 

Canal Navigation. Not only does man use un- 
improved natural waterways and increase their 
desirability for use in carrying traffic by improve- 
ment, but, by channel rectification and dredging, 
he also converts some into canals, largely arti- 
ficial waterways, but dependent for their water 
supply on rivers and lakes. In some cases, by 
linking and improvement of rivers in different 
drainage basins, he has evolved water highways 
of considerable length and, occasionally, of ap- 
preciable value. Such canals are, in all essential 


respects aside fiom the artificial characteristics 
imposed by improvement, part of the system of 
natural interior waterways. 

Early Canals in the United States. With occu- 
pation of the region west of the Appalachians, 
not only were rivers pressed into use, in the 
absence of more effective means of transportation, 
but several canals were built. The first and most 
successful of these, the construction of which 
may have been prompted in part by the returns 
from shorter, earlier ventures along the seaboard, 
was the S63-mile long Erie Canal. This was com- 
pleted in 1825, before the advent of railroads, at 
a total cost of slightly more than $7,000,000. By 
present-day standards, this 4-foot ditch, 28 feet 
wide at the bottom, would be regarded as inade- 
quate, but in its day it was one of the most 
important agencies in ensuring prosperity to the 
Middle West, for it reduced freight rates between 
Buffalo and New York from $100 to $10 per ton. 
Not only were shippers benefited, but tolls 
yielded sufficient returns over the effective life 
of the canal to repay the original cost nearly 
sixfold, and to nearly equal all sums spent for 
later improvements. Traffic increased so rapidly 
that it was enlarged twice: first to a depth of 
7 feet and a bottom width of 52.5 feet, between 
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1836 and 1862, and, subsequently, to a depth of 
9 feet in some sections, between 1884 and 1898. 

In Its later history, railroad competition cut into 
the canal trade so heavily that tolls were abol- 
ished in 1862 as a means of increasing use. 
Despite this, traJEic still continued to decrease 
until, by 1900, the volume of freight carried was 
negligible. 

The Erie Canal was successful, in the absence 
of rail competition, because of the natural con- 
ditions which enabled it to tie deep-water navi- 
gation of the Great Lakes with that of the Atlantic 
seaboard by way of the Hudson River. Its success 
tempted the construction of several other canals 
which followed less favored routes over greater 
elevations, to connect small rivers of the Atlantic 
seaboard with tributaries of the Mississippi. The 
Erie Canal was an all-water route; the others 
were interrupted, barges being hauled by in^ 
dined planes over the divides. None of these 
latter ventures was highly successful; many were 
complete failures. 

In the Mississippi Valley as well, there was 
a similar epidemic of canal construction dur- 
ing the same period, designed to link the Great 
Lakes with the Ohio or the Mississippi. The 
most important of these "improvements” was tlie 
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Illinois and Michigan Canal, a 100-mile water- 
way connecting Lake Michigan with the Illinois 
River. This was begun in 1836, but was not 
available for use until 1S4S. Its opening diverted 
the trade of the Illinois \''alley from St. Louis 
and downriver ports to Chicago, and was an 
important factor in that city’s growth between 
1850 and 1860, By the latter date, rail competi- 
tion had made such serious inroads on its water- 
borne traffic that this influence was no longer 
significant and, though the canal or its successor 
is still in use, its importance is slight. Canals 
connecting the Ohio and the Great Lakes have 
today disappeared almost completely; some have 
even been filled and diverted to other uses. In 
all, it is estimated that 4000 miles of these par- 
tially artificial waterways have passed out of 
use completely, with the wiping out of an 
original investment of possibly as much as 
$ 200 , 000 , 000 . 

Fresent-day Canals in the United States. Out- 
standmg among our canals of today are those 
of the New York State Barge Canal System, the 
expanded 525-mile successor of the old Erie 
Canal. Brought into existence as a result of in- 
creased interest in water transportation, it was 
completed and opened for use in 1918 at a total 



Fig. 136. Map of the New York State Barge Canal System, and sections through different parts of the 
Erie Division. (After Division of Canals and Waterways, State of New Y^ork. ) 
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Fig 137. Motorized steel oil barge m Lock 12, Tribes Hill, New York State Barge Canal, Erie Divi- 
sion. ( Courtesy of the Department of Public Works, State of New York. ) 


cost, including terminals, of $177,000,000, to 
which should be added an additional $25,- 
000,000 expended for further widening of the 
narrower parts of the channel. 

This modernized version of the Erie Canal 
is suitable for use by large barges, for the 
minimum depth of the 350 miles of the Erie 
Division, as well as over the sills of its locks, 
is 12 feet, and each lock accommodates vessels 
with a length of 300 feet and a beam of 4312 
feet during the eight months of the year the 
canal is open for use. Terminal facilities, con- 
structed at a cost of slightly more than $26,- 
500,000, are excellent, including two large, mod- 
ern gram elevators: one at Oswego, the other at 
Gowanus Bay, Brooklyn. 

Despite these favoring conditions, the amount 
of freight moved in normal times is relatively 
small, varying between 3,500,000 and 5,000,000 
tons, slightly less than 20 per cent of the capacity 


and of the amount it was expected the canal 
would carry. Of this freight, petroleum is most 
important, followed by grams, sand, stone, gravel, 
and a long list of items of minor importance, with 
less than 14 per cent of all goods handled in 
normal times within recent years originating out- 
side of, or destined for points outside of. New 
York State. 

The canal is operated toll-free, at an annual 
maintenance cost of from $3,000,000 to $3,- 
500,000, and a yearly debt service charge of 
$4,700,000: a total expenditure of approximately 
$8,000,000 each year to subsidize movement of 
less than 5,000,000 tons of freight in normal 
times. If tolls to cover all charges were levied, 
it would eliminate carriers from the canal, for 
water rates would then equal 122 per cent of 
those by rail. The somewhat dubious economic 
soundness of this canal system has led to con- 
siderable discussion as to the best disposition to 



Fig. 138. The port of Houston and its ship canal to the Gulf of Mexico. (After the Houston Port Book.) 



Fig. 139. Loading cotton, carbon black, and steel at the public wharves of Houston. In the background 
is a 3,500,000-bushel grain elevator. (Courtesy of J. Russell Waite.) 
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Pro un 1 , 

the “cabbage country.” Smcr^e iXrrupts'^rfor^OTl^f^fe the North Holland Canal through 
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be made of this waterway, at present owned and 
operated by the State of New York, normally at 
a substantial yearly loss. 

The 7-foot deep, 75-mile long waterway, 
known as the Illinois-Mississippi Canal, with 
termini at Bureau on the Illinois and Rock Island 
on the Mississippi River, is the only other barge 
canal in the interior surviving from an earlier 
period, aside from canalized rivers. Authorized in 
1890, and built at a cost of approximately $12,- 
000,000, it is now antiquated, and carrying 
charges and maintenance costs equal several 
fames the value oFthe freight moved. Recently, 
it has been proposed to modernize this water- 
way, increasing its depth to 9 or 12 feet, and 
reducing the number of locks to 10, at an esti- 
mated cost of $30,000,000. If this is done, it will 


afford a direct all-water route from the Chicago 
area to the Upper Mississippi Valley. Though it 
IS open to serious question, advocates of the im- 
provement argue that benefits to the Central 
Northwest would justify the expenditure. 

Ship Canals. Of a somewhat different type are 
the ship canals, such as that of the inland port 
of Houston, Texas, 50 miles from the Gulf of 
Mexico. Making use of Galveston Bay and the 
embayed lower course of the Buffalo River, a 
400-foot channel with a minimum depth of 34 
feet now connects Houston with the Gulf. This 
made possible a total trade of 25,623,078 tons 
of freight in 1941, a normal year, thus ranking 
the city fourth in tonnage among the seacoast 
ports of the United States in that year. Cotton 
supplied most of the freight, with petroleum, 
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approximately 90 per cent of all traflSc is water- 
borne. Even with favoring natural conditions, 
operation of many European canals is made 
possible only by subsidies, which reemphasizes 
the fact that water transportation is not always 
economically profitable. 

Canals in Eastern Asia. In eastern and south- 
eastern Asia, as in western Europe, water trans- 
portation is used extensively. In China, this is 
in part the result of lack of adequate roads and 
rail lines, and partly because of favoring natural 
conditions. In the Yangtze delta region near 
Shanghai, for example, where the country is very 
flat and there are many natural drainage lines, 
the canal mesh is much closer than the road 
pattern of a densely populated agricultural area 
in the United States. In Japan as well, the delta 
of the Shinano, on the west coast of the main 
island, is traversed by numerous canalized water- 
ways which are used by farmers in marketing 
crops and for moving various types of freight in 
Niigata, the major urban center of the area. 


Canals are likewise important in the delta region 
on the east coast around Osaka, much of the 
cotton used in the mills of that city moving in 
by way of the canalized distributaries of the 
Yodo River. In Tokyo, the Sumida River serves 
similai’ly, as it penetrates the industrialized north- 
eastern section of the city. 

Interior Waterways and Man. From the pre- 
ceding consideration, it is apparent that effec- 
tive interior water highways increase accessi- 
bility in both young and relatively underdevel- 
oped areas, either sparsely or densely populated. 
It is likewise apparent that, in older, highly de- 
veloped regions, navigable waterways often add 
to regional desirability. Therefore regional oppor- 
tunity is in general increased by an adequate 
system of navigable interior waterways, or rivers 
and lakes which lend themselves to effective use 
without too great expense for improvement. 
From our own experience, however, it is equally 
apparent that their use for navigation is not 
justified, except subject to certain limitations. 


QUESTIONS AND EXERCISES 


1. Why are rivers used more extensively for navi- 
gation in the Amazon basin, central Chma, and 
western Europe than in the United States? 

2. How did river highways facilitate French explo- 
ration and exploitation of the resources of the 
interior of the North American continent during 
the Colonial period^ Why was English occupa- 
tion confined to the Atlantic seaboard durmg this 
period? 

3. What routes did early settlement of the interior 
after the American Revolution follow? Why^ 
Why was St. Loms such a relatively large and 
important city, and larger than Chicago until 
subsequent to 1870^ 

4. What facts should be considered before a river 
is improved for navigationi^ 

5. State the physical characteristics of a stream 
which are important m determining its avail- 
ability for navigation, and state how each of 
these characteristics affects such use. What 
would be the physical conditions of a stream of 
ideal physical characteristics? 

6. Why are floating docks in common use at Ohio 
River ports such as Paducah, Kentucky? 

7. Where are our most important river highways 
located? Why is the Upper Ohio so important as 
a highway? What types of equipment are used 
for navigation on our rivers? 

8. In what respects has improvement of the Ken- 


tucky and Tennessee rivers for navigation been 
a disappointment? 

9. State several reasons why improvement of the 
Upper Mississippi and Missouri rivers for navi- 
gation has probably been unwise. 

10. State some objections to the proposed Lakes-to- 
the-Sea Waterway. 

11. Why are most lakes of slight value for naviga- 
tion^ Why are the Great Lakes an exception to 
this general rule? 

12. Describe the terminal facilities of the ports of 
the Great Lakes. Why are such terminal facili- 
ties a great advantage? If lacking, what would 
be the effect on use of the Great Lakes for navi- 
gation? Why? 

13. State the history of canal construction m the 
United States. Why was the Erie Canal more 
successful than the other early canals? What use- 
ful objectives did it serve? 

14. Which IS the most important of the present-day 
canal systems of the United States? Why? What 
bodies of water does it connect^ What freight 
does this system handle^ Has this canal met with 
the success anticipated for it by its sponsors? 
Why? 

15. How has Houston been converted into an ocean 
port? What freight is handled through this port? 
In what volume? 
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16 State the history of early canal consti action m in the United States Plow ('\teusi\ el v are canals 

western Europe Why ha\e the canals of west- used in eastern and southeastern x^sia"^ \\li\ is 

ern Europe not fallen into tlie disuse common tins tlie case? 
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Hydroelectric Power. The physical possibihty 
of developing hydroelectric power depends upon 
a combination of favoring conditions of stream 
flow and topography. However, the economic 
feasibility of such development is determined 
not only by these factors, but by spatial or loca- 
tional relationships as well, mcluding proximity 
to both a market for the current produced and 
coal or some other potential source of cheap 
power. 

This is because average costs of generation 
comprise only about 14 per cent of the total cost 
of power dehvered to the domestic consumer at 
the point of use, the other 86 per cent being 
absorbed by transmission and distribution. There- 
fore, only in the 14 per cent, the costs of genera- 
tion, can any saving be made by use of water 
power. Even though such a saving is effected, it 
is often more than offset by high transmission 
costs, for hydroelectric power must be generated 
where natural conditions permit, whereas power 
may be developed by burning coal where the 
power is to be used. Thus, in a locahty where 
coal is abundant and cheap, use of falling water 
as a source of power may be unprofitable. 

In practice, also, it is only under certain 
relatively unusual combinations of favoring con- 
ditions that any saving can be made, even in 
generation. This results from the fact that hydro- 
electric installations are commonly more costly 
than coal-burning plants of the same capacity, 
such costs varying with the character of the 
stream and the section of the country. In the 
North Pacific states, for example, costs per unit 
of power developed fall to a minimum; in the 
South Atlantic states, they rise to a maximum. 
Further, these costs tend to rise in all areas, since 
only the less promising sites remain to be de- 
veloped. Thus, includmg real estate, water 


rights, and others, they have quadrupled or more 
between the dates of the first installations and 
those of the present time. In addition, hydro- 
electric plants have probably approached the 
maximum of possible effectiveness, coal-burning 
plants will continue to mcrease in efficiency for 
some time. This will still further decrease any 
difference between generating costs in the two 
types of plant. Therefore, though hydroelectric 
power is sometimes cheaper, it is frequently more 
expensive than that developed by burning coal. 

Stream Conditions as They Affect Power De~ 
velopment Whether a given stream is of value 
for use in generating power depends on its. (1) 
location, (2) volume, (3) variability of flow, 
(4) amount and character of fall, (5) sediment 
load, (6) degree of freedom from freezing, and 
(7) available dam sites. 

Hydroelectric power must be utilized rela- 
tively near where it is developed. This is par- 
ticulaily true if the amount is small and, even 
though large, it can seldom be marketed to 
advantage more than 200 to 300 miles from 
the place of generation. Thus the location of 
the stream becomes important in determining 
whether it can be used to advantage for de- 
veloping power, its desirability for that use de- 
creasing with increase of distance from the con- 
suming area. Unfortunately, most rivers best 
adapted for developing power are in sparsely 
settled areas where markets for power, both 
present and potential, are limited. 

Commercial installations on small streams are 
economically unsound, for plant and transmission 
costs are too great to permit profitable operation. 
Insofar as such streams are capable of effective 
use, it is only to supply power for individual 
farms or, at most, to serve the needs of limited 
near-by areas, where transmission costs are low. 
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For such use, however, they are sometimes of 
considerable value. 

Variability of stream flow is always a handicap 
to development of hydi'oelectric power. If exces- 
sive, all possibility of profitable use may be 
eliminated, even of large rivers, since it seldom 
pays to utilize much more than average stream 
flow. Any other practice involves costly storage 
of a great volume of water and often construction 
of supplementary coal-burmng plants, thereby 
adding greatly to the expense of generation. 
Further, floods may cause damage to the generat- 
ing plants. Thus rivers whose flow is regulated 
by natural storage basins or lakes, those heading 
in great swamps which serve as reservoirs, and 
those rising in snowfields which afford a steady 
supply of water, are preferable for generating 
power to those which vary greatly in volume. 

If a stream flows sluggishly, it affords limited 
power possibilities, even construction of a dam 
may give only a small head of water and enable 
development of only a small amount of power. 
But if stream flow is rapid, and particularly if 
the stream course is inteirupted by falls of some 
height, desirability for power development may 
be considerable. For this reason, rivers in moun- 
tainous areas, though often handicapped by loca- 
tion, are generally better adapted for use in gen- 
eration of power than are those in areas of lower 
elevation and lesser rehef. 

A heavy load of suspended solid material de- 
creases the value of a stream for hydroelectric 
development. This is because sediment in water 
passing through a generating plant is objection- 
able, and, if a dam to store water is necessary, 
silting or deposit in the qui§t water above the dam 
decreases the storage capacity of the reservoir. 
Such silting does not need to fill the reservoir 
completely to destroy its value. Sometimes, in- 
deed, only a small fraction of its storage capacity 
must be eliminated to make power development 
unprofitable, for loss of even a relatively small 
amount of water needed to tide over a period of 
low water in the river may decrease power out- 
put to an extent that continuance of operation 
is uneconomic. Thus rivers flowing over hard 
rocks, or with natural settling basins such as lakes 
in their courses, are preferable to those whose 
waters carry much silt in suspension. 

Rivers which freeze in winter are less desirable 
than those free from ice, which may obstruct the 
free flow of water or even cut off the supply com- 


pletely, in addition to occasionally forming jams 
and damaging the generating plants. 

In case a dam must be built so that power 
may be generated effectively, a suitable site for 
such construction must be located. This necessi- 
tates the presence of a natural constriction of the 
valley and an area which can be flooded to ad- 
vantage, without undue cost for acquisition of 
land. A suitable foundation or footing for the 
dam, and valley walls to wRich its ends can be 
anchored secuiely, must likewise be available. 
Otherwase water will w'ork under, or around the 
ends of the dam, at some highwmter stage and a 
disastrous flood may result. Not all river valleys 
afford such sites. 

Conditions under Which a Hydroelectric 
Potter Site Should Be Developed. No stream 
should be used for development of hydroelectric 
power unless: (1) the physical conditions are 
favorable, (2) power can be developed more 
economically than by burning coal or by some 
other means; (3) returns from the power de- 
veloped are greater than those resulting from 
some other values in the stream, such as scemc 
attraction and recreational use, and (4) a market 
for the power exists, or can be developed. 

The natural conditions which favor power de- 
velopment are practically all satisfied at Niagara 
Falls, wRere the volume of discharge of the 
Niagara River is both great and, regulated by 
the Great Lakes, relatively constant, varying from 
158,000 to 224,000 cubic feet per second. The 
fall is considerable; to the drop of 150 feet at 
tile Falls is added that of the rapids below, so 
that a total head of 305 feet is available. The 
river is also relatively free from sediment, for 
Lake Erie is an effective settling basin. The only 
handicap resulting from natural conditions, and 
that is not serious, is created by freezing. 

Not only are physical conditions of the Niagara 
River favorable, but a near-by market for power 
is available, the Falls being centrally located 
with reference to one of the more populous, 
highly industrialized areas of the United States 
and Canada. For these reasons, power developed 
by regulated diversion of water from above the 
Falls, through penstocks, to the turbines of the 
plants in the gorge below, is cheap power, finding 
a ready market and aiding in development of 
industries which can use electric power to ad- 
vantage. Unrestricted use of power potential- 
ities available at this site would, however, be 
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undesirable, despite the favoring natural condi- 
tions, for it would destroy the beauty of the Falls. 
Therefore, as stated earlier, the amount of water 
which can be diverted from above the Falls is 
restricted, so that there is only a limited and 
relatively unobjectionable effect on stream flow 
and the Falls. 

Distribution of Potential and Developed Hy- 
droelectric Power. The United States Geological 
Survey estimates that 50 per cent of the world’s 
potential water power is in the tropics, with 
two-thirds of this in central Africa and eastern 
Madagascar, wheie precipitation and topographic 
conditions are very favorable. The remaining 50 
per cent is in intermediate latitudes, distributed 
as follows: two-thirds in glaciated highlands and 
mountains; one-fifth m other highland areas; and 
practically all the balance in glaciated plains 
areas. There are, however, great differences in the 
location of potential and developed power. In 
part, this is because of practical hmitations to 
distances of economic transmission; and, again, 
because development has been most extensive in 
areas such as Switzerland and the Scandinavian 
countries, and in New England in the United 
States, where coal is lacking. 

Estimates of potential water power available 
vary widely because based on different and in- 
sufficient data, but it is believed that the total 
potential water power in the United States, based 
on stream flow available 90 per cent of the time, 
with an over-all efficiency in the generating plants 
of 70 per cent, is 38,301,220 H.P. and, based 
on flow available 50 per cent of the time, is 
53,905,000 II.P. Of these potential totals, 73 per 
cent is in the Pacific and Mountain states, and 
8 per cent in the South Atlantic states. These 
thiee divisions, it will be noted, all with extensive 
highland areas, have approximately 80 per cent 
of the total potential water power. Development 
of this power is, however, greater, in proportion 
to the potential power available, in the north- 
eastern portion of the United States, where 
near-by markets are available, and where most 
of the economically profitable sites have there- 
fore been preempted and developed. 

For the United States as a whole, water power 
has come into increasing use during the past two 
decades. In 1921, the total of such power de- 
veloped was 7,927,958 H.P.; by 1931, it had 
increased to 14,884,667 HP.; by 1935, to 16,- 
075,037 H.P.; and by 1940, to at least 20,000,000 


H.P. During the past few years, the larger part 
of the new development, approximately 80 per 
cent, has been for public use at pubHc expense. 
Unless subsidized in similar fashion with money 
raised by taxation, no great expansion can be 
expected in view of the limited number of possi- 
ble profitable new developments. 

Some Recent Federal Power Projects. Some 
Federal projects of river improvement have been 
undertaken with but one end, such as increasing 
stream navigability or flood control, in view, but 
many are multiple-purpose projects, designed 
to accomplish several objectives. This latter ap- 
proach to river improvement is obviously pref- 
erable, since it tends to eliminate duplication of 
effort, needless expense, and affords an oppor- 
tunity for formulating a comprehensive pro- 
gi'am which will ensure a balanced and effective 
use of the river improved. In the multiple-pur- 
pose projects of river improvement by the Federal 
government, therefore, not all objectives are of 
equal importance. In some, improvement is pri- 
marily to generate power, or to increase stream 
navigability, in otheis, it is to bring land under 
irrigation, for flood control, or for some other 
purpose. In the discussion of such projects in this 
chapter, however, consideration will be limited 
to a few of those undertakings designed primar- 
ily to develop power by use of falling water. 

Tennessee Valley Project. In addition to de- 
velopment of power, the principal objectives of 
this project are improvement of navigation and 
flood control. But these are only three of a long 
list which includes reforestation of nonagricul- 
tural land, production of fertilizers, prevention 
of soil erosion, improvement of agricultural prac- 
tices, and research of various kinds. Obviously, 
the program is comprehensive in its scope. 

During the First World War, construction for 
development of power was begun at Muscle 
Shoals, just above Florence, Alabama, the head 
of navigation on the Tennessee River before the 
present program of improvement. Though a total 
of nearly $50,000,000 was spent, the plant re- 
mained idle until after establishment of the 
Tennessee Valley Authority (TVA), a govern- 
mental agency vested with“ authority to engage in 
numerous activities, and interested in realizing 
the various objectives which have been listed, in 
addition to several others. 

As constituted in 1945, the project included 
9 dams and reservoirs on the main river, and 12 
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on tributary streams. TVA also dkects the opera- 
tion of 5 plants of the Aluminum Company of 
America on the Little Tennessee River, or a toial 
of 26 installations with a hydroelectric generat- 
ing capacity of over 2,000,000 kilowatts. These 
are operated as a unified enterprise. In addition, 
the Authority has coal-burning plants with a 
generating capacity of 450,000 kilowatts. These 
are used to supplement the supply from the 
hydro-plants, either during low-water stages of 
the river, or when demand exceeds the amount 
of power which can be developed, or generated 
to advantage, at those plants. 

According to TVA, ''the total authorized pro- 
gram of construction and plant acquisition will 
involve an expenditure of $923,181,064.” Of this 
total, the investment in umfied system projects 
will be $757,015,000. This amount includes 
$28,496,000 for steam plants. "The balance ot 
the $923,181,064, or $166,066,064, covers power 
transmission lines and substations, navigation 
terminals, chemical plants, general plant equip- 


ment, and other items.” TVA has recently been 
ordered to repay these costs of power projects 
and installations to the Treasury of the United 
States over a period of 40 years, which will 
eliminate an advantage enjoyed in the past opera- 
tion of the enterprise. 

By use of both hydro-power and coal-burning 
plants, the unified system of T\^A generated 
10,117,748,000 kilowatt hours of electrical 
energy in 1944. This was more than twice as 
much as in pie war years, when the market for 
power in the area served was much smaller. If 
the fiscal yeai 1944 had been one of normal 
operations, the multipurpose investment would 
have been allocated as follows. 65.9 per cent to 
power; 19 8 per cent to navigation; 14.3 per 
cent to flood control. Since certain emergency 
projects were operated primal ily for power dur- 
ing this year, however, allocations for navigation 
and flood control were decreased to 18.4 and 
8.1 per cent respectively. 

The Tennessee River offers some advantages. 
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Fig. 143. Natural runoff of tlie Tennessee River at Chickamauga Dam, between 1903 and 1942. Note 
the great variation and the season when runoff is least. It is tins variability of flow which has made storage 
of water necessary in order to develop power effectively on the Tennessee River, and to prevent disastrous 
floods. (After TVA.) 



Fig 144. Downstream face of the completed Wheeler Dam, on the Tennessee River, in northern Ala- 
bama. This dam is 72 feet high, 6,342 feet long, the reser\^oir, which extends upstream 74 miles to the 
Gunterville Dam, covers an area of 105 square miles. Two 45,000 H P outdoor-type generating units show 
in the powerhouse area at the right, the navigation lock is in the background. ( Courtesy of tlie Tennessee 
Valley Authority.) 
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but likewise suffers from certain handicaps in 
use for development of power. Prior to T\'A 
construction, stream flow varied from a minimum 
of 4300 in 1925 to a maximum of 460,000 cubic 
feet per second m 1867, a year of record high- 
water discharge of the river at Chattanooga. 
With the present system of dams, the minimum 
flow has been raised to 25-30,000 cubic feet per 
second, and the maximum flow of recoid, 
460,000, would be reduced to approximately 
250,000 cubic feet per second, according to TVA 
engineers. It will be noted that, even with the 
present regulation of sti-eam flow, the variability 
is still rather great. It is, in considerable part at 
least, because of this vanabihty of flow that 
steam plants are necessary, so that the demand 
for power may be met when reservoirs are low. 
Though the construction of such plants is de- 
sirable in order to use river flow most efiiciently, 
they add to the costs of generation and therefore 
to the cost of power. At such mstallations as 
those at Niagara Falls, where stream flow is regu- 
lated by natural reservoirs, the Great Lakes, no 
such supplementary plants are necessary, which 
makes generation of power less expensive. 

The water of the Tennessee River is muddy, 
but TVA engineers state that the silt burden has 
already decreased materially, and, according to 
the same authorities, suflBciently to make clog- 
ging of the reservoirs by deposition no longer a 
problem of importance. 

In addition to storing water for use in generat- 
ing power, as well as for controlhng floods, dam 
construction has converted the Tennessee River 
into a series of slack water stretches, extending 
upstream from the Ohio to Knoxville, Tennessee, 
a distance of approximately 650 miles. This 
waterway, usable by vessels with a draft of 9 
feet, was employed rather extensively in move- 
ment of freight during the war, when all available 
means of transportation were pressed into service, 
whether this will continue to be true with the 
return of normal trafflc conditions only the future 
will disclose, though it is open to question. 

Since the normal flow of the Tennessee River 
fluctuates greatly, control of its floods is of con- 
siderable importance, particularly since they 
affect river stages of the Ohio and Mississippi. 
In the Tennessee Valley itself, flood danger is 
greatest at Chattanooga. Though not tested as 
yet, the storage of 815,000 acre feet on the main 
river above the city, and of over 4,000,000 acre 


feet on the upstream tributaries, is believed by 
TVA authorities to be ample to prevent a danger- 
ous rise of the ri\ er waters at Chattanooga. 
Downstream from the city, a storage of 5,000,000 
acre feet, 4,000,000 at the mouth of the Ten- 
nessee River, is expected to minimize the danger 
of disastrous floods in the Lownr Ohio Valley. 

It should be realized, however, that use of the 
reservoirs for flood control materially decreases 
their \ alue for storing writer to be used for power 
development. 

An incidental benefit accruing from improving 
the Tennessee River for other purposes has been 
the creation of artificial lakes with a total area of 
936 square miles, and 10,058 miles of shore line. 
These have added considerably to recreational 
oppoitunity in an area lacking in natural lakes. 
To encourage use of this opportunity, TVA has 
set aside several tracts as parks, some in forest, 
and has provided lodges, cabins, picnic areas, 
and other atti'actions to tempt tourists. 

The meiits of this particular project have been 
the subject of much debate. T\"A oflSlcials natur- 
ally claim it to be economically sound, and most 
Tennesseans approve of the undertaking, since 
self-interest is involved. For the country as a 
w'hole, how^ever, opinion is divided. Many be- 
lieve, and honestly, that with a system of ac- 
counting similar to that used by privately owmed 
and operated businesses, the project would actu- 
ally show an annual subsidy of from $10,000,000 
to $15,000,000 paid by the taxpayers, instead of 
a profit. Others disagree with this conclusion. 
Though it is desirable to point out this difference 
of opinion as to the merits of this venture m 
governmental ownership and operation, it is not 
wuthm the scope of this discussion to consider 
the relative merits of these twu points of view, 
despite the value of such a procedure. 

Proposed VciIIcti Axitliofitics. The theoretical 
soundness of planned use and unified improve- 
ment and operation has led to proposals that 
"Authorities'" similar to TA- A be set up for other 
drainage basins, particularly for that of the 
Missouri River and its tributaries. If it is done 
for this river system, the enterprise will dwarf 
TVA, for the area which would be involved 
comprises approximately 16 per cent of that of 
the United States. It is as large as Germany, 
France, and Italy combined, but its present popu- 
lation is less than 12,000,000, and unregulated 
stream flow poses problems which cannot be 
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solved successfully by the local governmental 
units of the region. 

If a Missouri Valley Authority is established, 
its program for improvement will have four 
major objectives. (1) urigation of some 5,- 
000,000 acies of additional land in the upper and 
middle stretches of the valley, where agriculture 
without artificial application of water is highly 
speculative in character, (2) improvement of 
the Missouri River for navigation in its lower 
course, where channel depth is inadequate dur- 
ing low- water stages of the summer months, 
(3) flood control in downstream areas, where 
regularly recurring high-water stages submerge 
farms and peril urban communities, and (4) 
power development on the swift-flowmg head- 
waters of the main river and its principal tribu- 
taries. 

The desirability of control of the flow of the 
Missouri, one of the world's most unruly rivers, 
is obvious. It would prevent much destruction 


of property and loss of life; it would assist in 
checking serious soil erosion; it would aid in 
guaranteeing security to farmers, it would de- 
velop a more adequate highway for moving 
freight by water; and it would provide an enor- 
mous amount of power, sufiicient to meet all the 
present needs of the region, and any foreseeable 
in the immediate future, in both urban and rural 
communities. 

However, it is estmiated that the total cost of 
such control might well exceed $1,000,000,000, 
and this must be balanced against the possible 
benefits. Further, it is believed by many that 
this cost could not be met by the communities 
served, except in small part, but would need to 
be assessed against taxpayers elsewhere, indi- 
viduals who would not benefit directly and per- 
haps not even indirectly from the project. 
Again, many object to the paternalistic aspects 
and the entry of government, though this aspect 
of the question, as with TVA, is outside the scope 
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of the present discussion, even though of great 
importance. 

The Hoover Dam F reject Another govern- 
mental project, designed primarily to develop 
power, IS the Hoover Dam project This was be- 
gun in 1931 and completed five years later at a 
cost of $120,000,000. The dam, which impounds 
a lake 230 square miles in aiea and enough water 


to cover the state of New York to a depth of 1 
foot, or a total 2-} ear flow of the Colorado River, 
IS located m Black Can\on, on the Arizona- 
Nevada line. (See Fig. 155.) 

Like the Tennessee, the Colorado River fluctu- 
ates greatly in volume, both from year to year and 
within the year. At extreme low-water stages, 
flow may not exceed 1300 cubic feet per second; 



Fig 146. Hoover Dam and Lake Mead. The dam accommodates \ 
cars can be seen. In August, 1939, 29,182 cars and 216 busses used this highway, bringing 108,5-.8 tourists. 


(Courtesy of the U. S. Bureau of Reclamation.) 
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Fig. 147. The Arizona wall of the canyon has been cut away to show the intake towers, the spill- 
way, the penstock pipes, and the outlet works. There is a similar set of diversion works on the Nevada 
side. The powerhouse in the bottom of the canyon is two city blocks long, and as high as a 20-story 
building. Dimensions on the drawing show the huge scale of the construction. Tunnels used to divert the 
river during construction are now plugged as shown, and in greater part used as portions of tlie penstock 
and outlet systems. (Courtesy of the U. S. Bureau of Reclamation.) 


at high-water stages of record, flow has been 
240,000 and there is reason to believe that it may 
reach 300,000 cubic feet per second. The addi- 
tional fact that the Colorado River is one of 
the muddiest rivers in the world has caused some 
question as to the effective life of the reservoir, 
known as ‘Xake Mead.'' 

The 1,835,000 H.P. available at Hoover Dam 
are sold as falling water, the costs of opeiatmg 
and maintaining the generating plant being 
borne by the purchasers of the power. Contracts 
for power were completed in 1930, generation 
began in September, 1936; all purchase contracts 
became operative June 1, 1937. The expectation 
is, and it is justified, that sale of power will 
amortize costs of construction of the dam and 


power plant, with interest, in 50 years, and in 
addition pay some revenue to Arizona and Ne- 
vada in lieu of taxes. 

Coulee Dam Troject Another undertaking de- 
signed to use part of the slightly more than 
9,000,000 H.P., estimated to be possible of de- 
velopment on the Columbia River and its tribu- 
taries, is the Coulee Dam Project, one of several 
designed to improve the river for navigation, 
development of power, and other uses. Started 
in 1933 with an allocation of $15,000,000 from 
P.W.A. funds, the total investment is expected 
to be $500,000,000 or more, but the project will 
not be completed for some time, though power 
production began March 22, 1941. Eventually, 
this project will develop 2,100,000 H.P., some- 







Fig. 148. The Columbia Basin, or the Coulee Dam Project, showing the location o£ the dam, the irri- 
gation reservoir, and the area to be irrigated. (After the U S. Bureau of Reclamation.) 


211 



ELEMENTS OF THE NATURAL ENVIRONMENT 


212 

what more than the Hoover Dam, and consider- 
ably moie than the Tennessee Valley project 
Completion of the undertaking now in progress 
will also bring 1,200,000 acres of land under 
iirigation in the Big Bend country, east of the 
Columbia and north of the Snake River. Water, 
elevated 200 feet by pumping from the reservoir 
behind and by use of power developed at the 
dam, will be stored in Coulee Lake, a natural 
depression, from which it will run by gravity to 
most of the area to be irrigated. 

Construction of the 550-foot high Coulee Dam, 
which salmon cannot pass to reach upsteam 


spawning beds, threatened enormous loss. To 
prevent this, the entire run was trapped below 
the dam, eggs were removed from the female 
fish, fertilized, and transferred to nurseries. Later, 
the fingerlings were released in streams which 
discharge into the Columbia below the dam. To- 
day, the mature fish return to these same streams 
to spawn, thus preventing in substantial part at 
least the loss threatened by man s interference 
with nature, in his attempt to develop power. 

Government Frojects. Though only a few of 
the more important of a relatively long list of 
government projects, those discussed are typical. 



Fig. 149. Coulee Dam and, in the background to the upper right, the Grand Coulee, a natural 
depression The powerhouse at the west end of the dam, the largest of all masonry dams, houses nine 
150,000 horse-power turbmes and nine generators^ a similar powerhouse is planned at its east end In 
the foreground is temporary Mason City; across the Columbia River is ‘Engineers'’ City” (Coulee Dam). 
(Courtesy of the U. S. Bureau of Reclamation.) 
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Some hold forth considerable promises for the velopable power adds to regional potentialities 

futme; otheis aie of debatable desirability. In from the standpoint of man. It should be realized, 
geneia , t lose which have mvolved careful study however, that despite this fact each stream poses 
and consideration before commitment to actual a separate problem. Therefore no general state- 

construction show more promise than do those ment as to the desirability of stream use for any 

begun because of expediency and after only given purpose, iiicludmg development of power, 
supeincial investigation of their merit is possible. In certain areas, generation of liydro- 

Hijdw electric Power and Man. The extent of electric power has been distinctly advantageous, 
use of power is often considered to measure the in otheis, the desiiabilitv of such generation mav 
degree of development of an area. If this basis for be open to serious question, especially Y\lieie 

measurement is accepted as satisfactory, then the potential water power is only one of the impor- 

piesence of possible sources of economically de- tant values of the interior waterways. 

QUESTIONS AND EXERCISES 

1. Why is proximity to coal a factor in determining 9. What are the objectives: of the Tennessee Valiev 

the economic feasibility of dev^eloping power by project? Which one is most important? Wliv."^ 

utihzing stream flow? In what single item of What percentage of the operating costs is as- 

power costs is saving by use of water power signed to each of these objectiv’es? Why did tins 

sometimes a possibility^ assignment of costs change during the war? 

2 Why do plant and generation costs for hydro- 10. How many installations are there in tlie Ten- 

electric power development vary so greatly? nessee Valley project? Where are they located*'^ 

Why do they tend to rise in all areas^ Why is What is the installed hydroelectric generating 

tlie margin of saving possible by use of hydro- capacit}’^ Is it all used? If not, why \v as it in- 

electric plants decreasing steadily? stalled? Wliat is the generating capacity of the 

3. What physical characteristics of streams fav''or steam plants^ Whv are they necessary? 

tlieir use for power development^ How does 11. State both the adv antages and the handicaps for 
each affect desirability for such use^ power production m the Tennessee Valley Proj- 

4. State the conditions under which a stream may ect. What effect has dam construction in con- 

be used to advantage for power development. nection with power dev'elopment had on stream 

5. In what respects are conditions at Niagara Falls flow? In what respects is this an advantage*^ 

favorable for power development? Discuss the economic aspects of T\W. 

6. Discuss tlie distribution of potential and devel- 12. What are the objectives of the proposed Mis- 

oped water power for the world and the United souri Valley project? How large is the area which 

States. Why do estimates of potential water would be serv’ed by this project^ What states 

power vary so widely? Why does the relationship would be affected? What are the objections, if 

between developed and potential water power any, to this proposed control of the Missouri 

vary so greatly in different parts of the United River? 

States? 13. Discuss the powder development aspects of the 

7. Is use of water power in this country increasing Boulder Dam project. In what respects does it 

or decreasmg? How rapidly^ Why will future in- differ from that of the Tennessee Valley^ What 

crease in tlie use of water probably be slower are the objectiv'es of this project^ What state 

than in the past? derwes tlie major benefits from this undertak- 

8. Why are multiple-purpose projects of river im- ing? 

provement preferable to tliose designed to ac- 14. Locate the Coulee Dam project and discuss its 

complish a single objective? Of what type are power possibilities. What objectives other than 

the Federal projects? power development will be secured? 
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XIII. This chapter furnishes a good discussion of wa- 

This section of the report deals witli hydroelec- ter power and its conservation, 
trie power m the United States. 
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Water Requirements of Crops and Irrigation. 
Crops use large amounts of water. An average 
lull of corn grown in the Missouri Valley, for 
example, uses approximately 7 quarts of water 
each day during the month of maximum growth, 
and a total of about 616 quarts during the entire 
season. However, not all crops use the same 
amount of water. In general, garden products 
need less than fruit and field crops, and among 
the field crops the water requirements of corn 
are much greater than those of the small grains 
such as wheat and barley. Rice, by contrast, 
needs much more water than does corn. Further, 
the amount required for a given crop varies with 
the locality, which affects the rate of evaporation. 
Thus sugar beets grown in Alberta, Canada, need 
only about 75 per cent as much water as those 
grown in the Missouri Valley. 

The amount of water required by crops is 
usually stated in acre-feet, 1 acre-foot being the 
amount necessary to cover 1 acre of ground to a 
depth of 1 foot. This equals 43,560 cubic feet, 
325,850 gallons, 1,303,400 quarts, or 2,717,600 
pounds. If the amount of water required for 
profitable crop production is not supplied by pre- 
cipitation, or if a seasonal deficiency exists, water 
must be furnished artificially, or irrigation must 
be practiced to permit successful agricultural use 
of the land. 

Irrigation in Humid Areas. Irrigation is prac- 
ticed to some extent in practically all parts of 
the United States, for few areas have such abund- 
ant and well-distributed rainfall that occasional 
application of water is not beneficial at some time 
during the frost-free season. East of the Missis- 
sippi, however, irrigation is normally limited to 
lawns and gardens of urban centers, and to cer- 
tain crops in rural areas, in view of the fact that 
its cost is not warranted by the returns from 


others. In general farming, even in areas with 
relatively hght but normally sufficient rainfall, 
it is customary to select crops which can be 
grown profitably with the expected total and dis- 
tribution of precipitation rather than to supple- 
ment the amount supphed by nature, so that 
production of others with greater or different 
water requirements may be possible. 

In practice, therefore, irrigation agriculture in 
areas of moderate to ample rainfall is limited to 
production of those crops which yield high re- 
turns per acre cultivated, and to certain special 
crops such as rice. Under such conditions, the 
expense entailed by irrigation does not impose 
a prohibitive tax on the returns from agriculture. 
Thus truck gardeners and fruitgrowers of the 
well-watered East find it profitable to install 
irrigation systems, and to supply water from wells 
and streams when rainfall is deficient in amount 
for, without such application, partial or total 
loss of the high-yield and high-priced crops 
would more than offset the costs of irrigation. 
For a crop such as rice, which is grown under 
swamp conditions, or on wet, overflowed land, 
artificial application of water is generally neces- 
sary. For this reason, there is a considerable 
amount of irrigation in the rice-growing areas of 
Louisiana, Arkansas, and California. The same 
is true in eastern Asia, where rice is often the most 
important cereal crop. Practically all irrigation 
water used in growing rice is obtained from 
streams or other supplies of surface water, so that 
production is confined to areas where topographic 
conditions permit easy diversion of such water 
to the fields imder cultivation. 

Thus in Japan, where rice is so important as 
a crop that its acreage exceeds that of all other 
cereals combined, it is grown on the alluvial 
soils of the plains which border stream courses. 
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Since the rivers which formed these plains carry 
a heavy load of sediment, they have built up 
their beds to an extent that, though confined by 
embankments or levees, both natural and arti- 
ficial, they flow above the general level of the 
bordering plains. Therefore simple diversion and 
gravity flow supply water to the rice fields or 
paddies. These are likewise the topographic con- 
ditions of the rice-growing regions of China, 
where rivers may flow so far above the level of 
the countryside that disaster and famine follow 
when confining levees break durmg flood stages. 

Irrigation in Arid and Semiand Regions, In 
the drier or semiarid parts of the world, where 
grazing generally assumes great importance, irri- 
gation is necessary to ensure certain yields with 
sufiicient regularity to warrant use of land for 
crop production. In truly and areas, agriculture 
without irrigation is impossible, and even grazing 
is limited to a few favored locahties, except as 
possibilities for its expansion are afforded by 
water supplied by wells, or from a considerable 
distance through man-made channels. It is prob- 
able that, in all, approximately one-third of the 




Fig 150. An irrigated strawberr}' farm in south- 
ern Michigan Water is pumped from a small stream 
and distributed by an o\erhead system of horizontal 
pipes, from which the water issues through numer- 
ous small holes as an artificial ram (See also Fig. 
311 ) 

earth's land surface is too dry for effective crop- 
ping without irrigation. 

The early civilization of Egypt, an essentially 


Fig. 151. Irrigation ditch and rice fields in Hokkaido, the northern island of Japan. Water, supplied 
)y the melting snow of the mountains m the background, will later be used to flood the pa^dies or smaU 
ields, not planted as yet, for it is April and still cold in this northern island. The piles in the fields are stow 
irom last year’s crop, along tlie canal is matenal dredged from its bottom. Both will be used as fertilizer 
m the paddieSt 
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Fig, 152 A typical Los Angeles County orange grove. With a summer deficiency in the approxi- 
mately 15 inches of annual precipitation, irrigation is necessary for successful horticulture in this dry sub- 
tropical climate. Note how the ground under the trees is kept cultivated, both to permit absorption of 
irrigation water when it is applied, and prevent loss after application. (Courtesy of the Los Angeles County 
Chamber of Commerce.) ^ 


rainless area, was made possible only by irriga- 
tion. Long prior to the existence of written 
records, man utilized natural overflow of the 
Nile and water elevated from the stream by 
crude lifts to grow crops on the flat land border- 
ing the river. Later, he built canals and dams to 
extend the area capable of cultivation. Such 
practices made Egypt one of the early garden 
spots of the world though, even with such im- 
provements, water was often unavailable when 
needed most. By the beginning of the present 
century, construction of the great dam at Aswan, 
which impounds 326,500 acre-feet of flood water, 
or enough to cover 326,500 acres to a depth of 
1 foot, provided a supply sufiicient to permit 
irrigation of 80 per cent of the cultivated area of 
Egypt throughout the year. 

Similarly, much of the attraction of India, the 
first among all irrigated areas in the world, with 
approximately 50 per cent of all land under ditch, 
results from natural conditions which permit 
irrigation. These are afforded in part by wells 


and tanks in the Deccan, but more largely by the 
great rivers of the north, the Indus and Ganges. 
These rivers, fed by melting snows of the high 
Himalayas and the heavy monsoonal rains of their 
lower slopes, offer a dependable supply of water 
for irrigating the fertile plains of the Indo-Gan- 
getic depression, wherever precipitation defi- 
ciency makes this necessary. 

Irrigation is also important in regions with a 
dry subtropical climate with little summer preci- 
pitation, like the Mediterranean areas of Europe, 
where approximately 4,000,000 acres are under 
ditch: 75 per cent in Italy, the balance about 
equally divided between Spain and southern 
France. Most of the irrigated areas of the world 
are in the Northern Hemisphere, but a few are 
south of the equator: in southern Africa and 
South America, and in Australia. All are in the 
dry subtropics, or in areas with arid and semiarid 
types of climate. 

In the Umted States, which ranks second only 
to India in acreage irrigated, Mormon settle- 
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merit of the Salt Lake Oasis, the present extensive 
occupation of the Phoenix area in Arizona, and 
of the Imperial Valley in southern California, 
would have been impossible without irrigation, 
since all three are very dry areas and, as in others 
of similar character, the limits of occupation and 
development are fixed by available water supply. 

Areas Irrigated in the Western United States. 
Disregarding the relatively small acreages of the 
humid and subhumid eastern United States, 
where irrigation is practiced to a limited extent 
but IS not necessary for the practices of general 
agriculture, the irrigated area of this country is 
confined to the 17 western states which are either 
all, or in part, arid or semiarid. In these states, the 
irrigated land totals 18,941,000, and the esti- 
mated potentially irrigable land, 51,459,000 
acres, distributed as follows by drainage basms: 


In considering the preceding tabulated data, 
it should be realized that under ‘'‘total area uti- 
gated” only the land actually irrigated is in- 
cluded, though an additional 6,000,000 acres 
with facilities for irrigation, but not used, are 
under ditch. This indicates only about t o per 
cent utilization of present irrigation facilities and 
creates some doubt as to the desirability of their 
expansion until such time as those already in 
existence are also in use. In considering the data, 
it should likewise be kept in mind that water 
requirements are variable in amount, probably 
averaging about 2 feet, but ranging from a few 
inches up to as much as 5 feet or more each year. 
Therefore the relative desirability of irrigation in 
different drainage basms is not shown. 

Sources of Irrigation Water. Approximately 80 
per cent of the water used for irrigation in the 


Percentage of Total 


Drainage Basins Irrigated Area 

N orth Pacific Drainage Basin 19.18 

South Pacific and Great Basin Drainage Basins 31.77 

Colorado River Drainage Basin 1 3. 39 

Western Gulf Drainage Basin 9*43 

Southwestern Mississippi Drainage Basin 3 91 

Missouri Drainage Basin 


Total (18,941,000 acres) 100.00 per cent 


Percentage of Total Area 
Susceptible of Inigat.on 
but A ot Irrigated 

19 74 
35 19 
14 23 

6 93 
3 39 

20 52 

(51,451,000 acres) 100 00 per cert 



Fir 153 Imsation by well Phillips County, nortlieastem Colorado. This well sullies 1000 gallons of 
water per minute to the main irrigation ^ditch, which runs soutli from the weU house. (Courtesy of tlie U. S. 
Soil Conservation Service.) 
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United States is supplied by surface waters; 
about 10 per cent by underground water, or wells 
of various types; and about 10 per cent by a 
combination of the two. This indicates a con- 
siderable dependence on underground water, 
even more important than the percentages may 
suggest, since such irrigation is generally prac- 
ticed on land of high value, devoted to the pro- 
duction of high-return fruit or other crops. With- 
drawal of ground water for use in such areas 
frequently exceeds replenishment by rainfall or 
other means, which depresses ground water level 
and foices deepening of wells. Such exhaustion 
of the stored supply indicates an over expansion 
and the desirability of some contraction of the 
iiTigated acreage. 

Where irrigation is by use of surface waters, 
the physical characteristics of the stream which 
furnishes the supply determine its desirability. 
Optimum conditions are ensured by large volume, 
with but shght variability of flow, and both low 
silt and dissolved mineral content. Large volume 
and constant flow guarantee an adequate supply 
when needed. Freedom from silt prevents clog- 
ging of reservoirs and ditches. The reservoir 
above Roosevelt Dam on the sediment-laden 
Salt River, near Phoenix, Arizona, for example, 
lost 6 per cent of its storage capacity between 
1911 and 1935 by silting, and the smaller Horse 
Mesa Reservoir, a few miles downstream, was 
filled completely. The loss of storage capacity, 
even though apparently small, is very serious. 
An exceptionally high content of dissolved 
mineral matter in the water, always probable in 
dry areas, is never beneficial, and in some aieas 
where much water must be applied it may be 
very objectionable. 

Ownership of Irrigation Enterprises. Develop- 
ment of irrigation in the and and semiarid West 
was, up to the beginning of the present century, 
by private enterprises: individual, communal, 
and corporative. The earliest, such as Mormon 
occupation of the alluvial fans at the foot of the 
Wasatch Range near Great Salt Lake, and others 
of the Colorado Piedmont, between 1849 and 
1870, were largely communal enterprises. Some 
were organized around a religious belief; others 
were distinctly communistic; still others were 
sponsored by land companies, or estabhshed with 
the idea of social betterment. These earher de- 
velopments are among the most prosperous of 
our irrigation enterprises, their success resulting 


from good choice of location with low costs for 
irrigation, satisfactory management and social 
conditions, and intelligent selection of the right 
type of settlers. The general success of these in- 
duced unwaiTanted views as to the possibilities 
of irrigation and considerable unwise settlement, 
sponsored by both railroads and local organiza- 
tions. 

Subsequent to 1880, most of the irrigation 
enterprises hke those of the Valley of California 
and of the Rocky Mountain area, were joint 
stock companies, using surface water, with stock 
held by users of the water. Where development 
of artesian water has been feasible, irrigation has 
likewise been by private enterprise, with each 
farm having one or more wells, the flow of which 
is frequently supplemented by use of available 
surface water. In all, about one-third of the total 
irrigated area of the United States has been de- 
veloped by individuals; another third by coopera- 
tive enterprises, some large, but mostly small. 

Federal Projects. With exhaustion of projects 
which could be developed profitably, the Federal 
government entered the field at the beginning of 
the present century, and has now brought under 
irrigation more than 4,000,000 acres of land at 
a total cost of nearly one billion dollars. Accom- 
plishing this has involved construction of 168 
storage and diversion dams, some very expen- 
sive; 18,468 miles of canals, ditches, and drains, 
more than 107 miles of tunnels; 13,902 bridges, 
and much additional miscellaneous construction. 
On the basis of financial returns, a considerable 
number of these enterprises have been failures, 
since settlers have not repaid the costs, thus 
necessitating writing off a considerable part of 
the investment. Whether the social benefits will 
offset this loss, only the future will disclose. On 
the basis of past experience, however, there might 
appear to be some difiBculty in demonstrating the 
desirabihty of increasing productive acreage by 
continued expenditures of huge sums by the 
government. 

Irrigation in the Imperial Valley. The Imperial 
Valley is the exposed bottom of the former 
northern extension of the present Gulf of Cali- 
fornia. Therefore it is below sea level. It origin- 
ated by the cutting off of the northern portion of 
the Gulf by the delta of the Colorado River, and 
subsequent evaporation of the water, for this dry 
area has less than 3 inches of rainfall. The Salton 
Sea is the shrunken remnant of the formerly 



Fig. 154. Federal irrigation projects west of the 100th meridian. (After the U. S. Bureau of Reclamation.) 
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more extensive body of water thus cut o£ It, too, 
would have disappeared by now, except for 
seepage from piesent irrigation in the area. 

The location and elevation of this valley at- 
tracted attention to the irrigation possibilities as 
early as 1853, and shortly after 1900 the Cah- 
foima Development Company tapped the Colo- 
rado River near Yuma, diverting water through 
the Impeiial Canal, with 50 miles of its course m 
Mexico. The water thus supphed by giavity flow 
was used to irrigate land, both in IMexico and in 
the United States, with most of the development 
in the United States. Large acreages in the Im- 
perial Valley Irrigation District are today given 
over to special crops such as lettuce, melons, and 
other vegetable crops, in a normal year in excess 
of 85,000 acres. Since market demand does not 
permit present use of additional land for these 
special crops, over 200,000 acres are in hay and 
gi'ain, or m less profitable use. 

To obviate the disadvantages of a canal, in 
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part m Mexico, one of the greatest of all our 
inigation ditches, the “All-American Canal,’' has 
been constructed b\ the United States Buieaii of 
Reclamation. This canal cost more than $38,000,- 
000, but it IS expected that users of the desilted 
water it supplies to more than 1,000,000 acres of 
land will eventually repa}^ the costs of construc- 
tion. The 80 miles of the main canal, \\ hich taps 
the Colorado River at Imperial Dam, 300 miles 
below Hoover Dam, and the 130 miles of the 
Coachella Valley branch, are all on tins side of 
the International Boundary. 

Construction of this new canal threatened the 
water supply of Mexican users who had drawn 
on the old Imperial Canal. This international 
complication has been solved by a treaty which 
allots in peipetuity the annual flow of the Colo- 
rado and Rio Grande rivers. This reduced Mexi- 
co's share of the Colorado River flow from the 
former consumption of 1,800,000 acre-feet to 
1,500,000 acre-feet, with a proviso that m times 



Fig 156 The Imperial Valley of southern California, with its canals and irrigation districts. (After 
the U. S Geological Survey topographic and other mans 






Fig. 157. Top: The Imperial Dam, with the All-American Canal in the background, curving around 
a mountain to the desert. Before water enters the canal, the silt is removed m the six settling basins, shown 
slightly to the right of center, between the reservoir and the canal. To remove the silt from the basins, each 
is equipped with a dozen 125-foot rotary scrapers which plow the silt into wells which discharge into the 
river below the dam. Therefore the water of the river below the dam is very muddy. 

Bottom: A portion of the All-American Canal where it crosses the desert In places, this 230-foot wide, 20- 
foot deep ditch passes through drifting dunes which must be oiled to keep the canal from filhng with 
sand. ( Courtesy of the U. S. Bureau of Reclamation. ) 
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of sm'plus this amount may be increased to 
1,700,000 acie-feet, but without acquiring rights 
to more water than the treaty provides. In times 
of drought both nations agree to reduce use of 
water on a pio rata basis. In letum for this con- 
cession, which allows Mexico to use water, all 
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supplied from the 242,000 square miles of the 
Colorado drainage basin in the United States, 
Texas will receive an additional 350,000 acre- 
feet of water inim the Rio Grande, which it is 
estimated will pei mit irrigation of 900,000 acres, 
400,000 more than in the past 



Fig. 158. The Central Valley Project, California. (After tlie U. S. Bureau of Reclamation.) 
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The Central Valley Project Tlie^ Valley of 
California, one of the most productive areas in 
the United States, is dependent on irrigation for 
its agricultural prosperity. Unfortunately, two- 
thirds of the water available is in the Sacramento, 
two-thirds of the production is in the San Joaquin 
Valley. This has resulted in such a severe drain 
on the water supply in the south that wells, which 
formerly supplied water at depths of from 10 to 
20 feet, are now diy at 250 feet. This depletion 
of ground water has already caused abandon- 
ment of 40,000 acres, and ten times that acreage 
is threatened with disaster. 

The Central Valley Project is an attempt to 
remedy this situation, both by diverting water 
Irom the Upper Saciamento to the Lower San 
Joaquin Valley, and by reversing the flow of the 
Upper San Joaquin River. These objectives are 
attained by two dams and the necessary canals. 
The waters of the Sacramento are impounded 
behind Shasta Dam in a 24,500-acre lake with a 
storage capacity of 4,500,000 acre-feet. This 
water is fed into the Lower San Joaquin through 
existing and dredged channels across the Sacra- 
mento- San Joaquin delta and, by pumping lifts, 
into a 100-mile canal, the San Joaquin Pumping 
System. The waters of the San Joaquin are stored 
behind Friant Dam, from which reservoir water 
IS supplied to irrigate land to the north by the 
40-mile Madera Canal and to the south by the 
J 60-mile Friant-Kern Canal. Two additional short 
canals serve the delta. One, the Delta Cross 
Channel, is designed to cure salinity resulting 
from seepage ol sea water into this low-lying 
area during low-water stages of the San Joaquin; 
the other, the Contra Costa Canal, furnishes 
water to agricultural and industrial centers south 
of Suisun Bay, the inland extension of San Fran- 
cisco Bay. 

Though designed primarily for irrigation, this, 
like many other governmental undertakings, is a 
multiple-purpose proj'ect, with flood control, dis- 
sipation of soil sahnity, improvement of naviga- 
tion, and obtaining water for industry as second- 
ary objectives. In addition, it will afford power. 


for nearly 250,000 continuous hoisepower can 
be developed at Shasta Dam. Of this amount, 
appioximately 20 per cent will be used to pump 
water for irrigation. The balance will be marketed 
on the faims and in California urban centers. 

Expansion of Irrigation. The earlier belief that 
the possibilities of irrigation were virtually 
boundless has today given way to a realization 
that the percentage of the total land surface of 
the 17 diy states needing irrigation and prac- 
ticable to irrigate is very small, ranging from 0.22 
per cent in Oklahoma to a maximum of 16.8 per 
cent in Cahfornia, with an average of but 4 58 
per cent for the entire area. Though only slightly 
more than one-third of this irrigable land is now 
under ditch, the stage has already been reached 
where unwarranted expansion of agriculture m 
some projects during a series of wet years over- 
taxes the supply of water to be secured by simple 
diversion of stream flow in dry years. If storage of 
water becomes necessary to ensure success in 
agriculture, it will make irrigation in those areas 
much more expensive than it has been in the past 
and, if made available, it will probably have to 
be by governmental action, since the possibilities 
for profit are not sufiiciently great to tempt in- 
vestment of private capital. 

Though the earth in its natural condition, par- 
ticularly in dry areas, is not ideally suited to man s 
use, and though artificial application of water in 
such areas may be beneficial, irrigation is ob- 
viously not a cure-all for the problems aiising in 
connection with agriculture in areas of deficient 
rainfall, quite apart from those common to agri- 
culture everywhere. This is in part because the 
application of irrigation water in itself produces 
the possibility of increasing soil salinity, water- 
logging, undesirable change in soil texture, 
and other effects, discussed in some detail in 
Chapter IX. Thus, though man alters the limita- 
tions imposed by the natural environment by 
irrigation, he may, and sometimes does, impose 
others in their stead which offset, either partly or 
completely, the advantages accruing from his 
attempts to improve conditions by irrigation. 


QUESTIONS AND EXERCISES 


1. Discuss the variation in the water requirements 
of crops What are the water requirements of 
garden as compared with field crops^ Of com as 
compared with wheat? Are the water require- 


ments of a given crop constant, irrespective of 
where grown? Why? 

2 How is the water requirement of a crop ordi- 
narily stated? What is the value of the unit em- 
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ployed^ State some conversions o£ tins into other 
units. 

3. Discuss irrigation piactices in hmnid areas 
What crops can be irrigated to ad\ antage in such 
areas? Why^ Why limited to these crops^ Wh\ is 
irrigation so important m Japan, where rainfall 
is ample^ 

4. What country leads all otheis in the area of 
land under irrigation? What country ranks sec- 
ond in this respect^ Why is irrigation necessary 
in Egypt? Discuss changes in irrigation practice 
m Egypt. 

5. Why IS irrigation less important south of the 
equator than to its north? Where is irrigation 
practiced in the Southern Hemisphere? 

6. How much land is irrigated m the United States^ 
Where is it located^ Why is irrigation practiced 
in Arkansas^ What are the sources of irrigation 
water used in the United States^ What is the 
relative importance of each of these sources of 
supply^ 

7. How do stream characteristics affect tlie desira- 
bility of a given source of surface water supply 
for irrigation? State those characteristics which 
increase desirability Those which handicap use 
of a stream for iirigation 

3. How ha\'e the irrigation enterprises of the 
United States developed^ Has this development 
been uniform at all periods? If not, what changes 
have occurred? 

SELECTED 

Herring, W. E , and others, Repori of the Water 
Planning Committee of the National Resow ces 
Board, Washington, 1934, Part III, Section II, 
Part XI 

Part XI of Section II consists of a brief discus- 
sion of irrigation, its distribution, and the im- 
portance of different sources of irrigation water in 
the United States. 
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9. To \\hat extent ha\e Ftdeial projcLts added to 
tile irrigated area m the United States*"' Distiiss 
the economic soundness of the Federal projects 

10 How do natural conditions fa\or irrigation ni 
the Imperial l\i!le\^ How did the new All- 
American Canal mtioduce an international prob- 
lem^ How has this problem been sol\ ed? 

11. What hpes of crops are grown in the Imperial 
Valle\^ W’hich are most profitable^ Why are 
others grown*-' Wliv does the growing of the 
more profitable crops introduce a labor problem‘s 
Is expansion of acreage of tliese ciops probable.'^ 
W’h\ ? 

12 How has o\ erexpansion of agriculture affected 
use of the land m the San Joaquin X^allex ^ How 
is it proposed to rcmed\ the present deficienc) 
of w’atei siippl}^ 

13. W^hv is the delta of tlie Saciamento-Saii Joaquin 
subject to soil salinih^ How’ is tins to be cured^ 
Wdiat crops aie grown m this area? 

14 What IS the major objectne of the Central Val- 
ley project*'^ How is this to be accomplished*’^ 
Wdiat aie the secondai\ objcctnes of this proj- 
ect^ Where wall power be developed^ How^ 
much^ For wliat wall it be iiscd*^ 

15. Discuss the probability and desirability of ex- 
pansion of irrigated acreage m the United States 
Why IS irrigation not a cure-all in and and semi- 
arid areas^ W1iat undesirable effects frequently 
result from irrigation? 
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chapter Twenty 
WATER SUPPLY 


Water Supply a Critical Environmental Fac- 
tor. Since man cannot live without water, both 
the quantity and quality of the locally available 
supply are of great importance. This applies to 
both ground- and surface-water resources, which 
diiler fundamentally only in respect to place of 
occurrence at a given time. Such waters find use 
in homes, industry, and agriculture, water rather 
than soil commonly being the critical factor in 
determining agricultural productivity. For these 
reasons, the conservation or effective use of 
ground and surface waters becomes a matter of 
universal concern. 

Sources of Water Supply and Their Desir- 
ability. Where a local supply of surface water 
for domestic use is insufficient or undependable 
in amount, and ground water is difficult and ex- 
pensive to obtain or unsatisfactory in either 
quantity or quality, dependence may be on stored 
rain water. In the Bermudas, for example, ram 
water furnishes the entire supply for household 
use. Such water, if not exposed to contamination 
during collection or storage, is entirely satisfac- 
tory in quahty. 

Ground Water as a Source of Supply. The 
occurrence, amount, and availabihty of ground 
water vary with climate, topography, soil, rock 
characteristics, and vegetal cover. Quahty varies 
in general with quantity; where abundant, 
ground water is generally potable, but where 
limited in amount often highly mineralized. 
Ground water obtained from shallow wells is 
generally better, except for the possibihty of 
pollution, than that from deeper wells in the 
bedrock, in the waters of which a high degree of 
mineralization is not uncommon. In all, approxi- 
mately 50 per cent of the people of this country 
and millions of animals use water from wells, or 
ground water, at least in part. In addition, it is 


used in thousands of industrial plants and for air 
conditioning. In much of the United States, 
ground water is even more important than sur- 
face water as a source of supply for both home 
and industry. 

Ground water often suffers from the handicap 
of hardness, which seldom affects potability, but 
generally does limit desirability for many domes- 
tic and a great variety of industrial uses. Hard- 
ness, a measure of dissolved mineral content, is 
ordinarily determined by the quantity of the 
carbonates and sulphates of lime and magnesium 
present, both distinctly objectionable. These sub- 
stances accumulate as an incrustation on the 
insides of teakettles, as boiler scale in industrial 
use, and in the wicks of humidifying devices in 
which hard water is used, so that they become 
stiff and ineffective in promoting evaporation. 
It is not surprising that water containing such 
minerals is called ''hard wateF' for, when used, 
it is hard to make a lather with soap, it is hard on 
both the hands and fabrics; it is hard Qn pipes 
and plumbing; and hard in many other ways, 
even on the pocketbook. 

Tolerable hardness varies with use. With a 
mineral content of 0-60 parts per naillion, or less 
than 0.497 of a pound per 1000 gallons, water 
does not require softening for domestic use nor 
is Its value for most industrial purposes impaired 
materially. If hardness is between 60-120 parts 
per million, or the dissolved mineral content does 
not exceed 0.994 of a pound per 1000 gallons, 
softemng is both economically possible and gener- 
ally desirable. If higher, costs tend to become 
prohibitive for industrial uses where soft water 
is necessary. Undesirable mineral constituents, 
other than lime and magnesium compounds, are 
those of iron and manganese, which deposit with 
alteration in physical or chemical conditions in 
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the water. It is this iron content which causes the 
reddish stauis, so diiBBcult to remove, where water 
. drips from a faucet or stands in some container. 
In many industries, complete removal of such 
compounds is necessary before the water can 
be used. 

The quantity, quality, and source of ground- 
water supply vary in different portions of the 
United States. In the glacial drift of much of the 
Lake States, ground water from shallow wells 
furnishes adequate amounts of potable, though 
sometimes hard, drinking water. In western 
South Dakota, by contrast, the water in the under- 
lying sandstone is both too far below the surface 
and excessively hard. Even in the eastern part of 
the state, where these supplies have been tapped, 
their high degree of mineralization makes them 
poorly suited for most uses. The ground water 
in the till plain or glacial deposits to the east of 
Glacial Lake Agassiz, and in the clays of the 
former lake bed, the present Red River Valley, is 
likewise very hard. The high sulphate waters, 
dilute solutions of Epsom and Glaubers salts, 
obtained from wells in these deposits are, in fact, 
often so highly mineralized that they are unfit for 
use by man or for watermg livestock. 

Surface Water as a Source of Supply. The 
quahty of surface water varies with runoff. When 
this is small in amount, the dissolved mineral 
content tends to be relatively high and, if organic 
contamination is present, it becomes concen- 
trated. During periods of abundant runoff, by 
contrast, the percentage of mineral matter les- 
sens and dilution decreases that of organic con- 
tamination. At extreme low-water stages, sea 
water sometimes invades the lower courses of 
rivers, causmg losses to both domestic and in- 
dustrial consumers of water. In the Philadelphia 
area of the Lower Delaware River, the total loss 
from this cause for the 4-year period ending in 
1933 is estimated to have been $6,500,000. Simi- 
larly, the leveed land below the confluence of the 
Sacramento and San Joaquin rivers in California 
is affected adversely when salt water invades the 
stream channels and seeps into adjacent areas 
under cultivation. One of the objectives of the 
Central Valley project is to eliminate this pos- 
sibility of soil salinity. (See Chap. XIX.) 

The quality of both surface and ground waters 
is affected by the amount of precipitation. During 
the great drought of 1934 rivers fell so low that, 
not only was navigation impeded and power 
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development curtailed, but disaster hkewise be- 
fell many irrigated areas, where stored water 
proved insufficient in amount to proMde for the 
needs of agiiculture. In 1934, not only were 
surface waters lowered and the yields of com 
decreased 40 per cent, but ground-water level 
was also depressed from 10 to as much as 30 feet 
over large areas. This caused many wells to go 
dry. (See Fig. 159.) The dry fall of 1939 had a 
similar, though less pronounced effect. In arid 
regions, where dependence is solely on irrigation, 
similar droughts have depopulated extensive 
areas during past periods of history, often being 
credited as tlie cause of important migrations of 
population. 

Droughts and Their Effects. Great droughts are 
even more disastrous than great floods since the 
latter are local, of limited effect, and their damage 
can be prevented. Droughts can neither be pre- 
vented nor can their occurrence be predicted at 
present. It is not e\ en possible to state with any 
certainty that they are more frequent and wide- 
spread, or of greater severity than in the past. 
Even prevention of the damage they bring cannot 
be ensm'ed, all that is possible is alleviation of the 
distress they produce. 

Human Activities and Water Supply. Human 
activities have affected the w ater resource of the 
United States adversely through: (1) tillage and 
dramage, (2) wastage from flowing and pumped 
wells, and (3) contamination of the supply. The 
first two of these have tended to reduce the 
quantity of the effective supply; the last to make 
the available water less desirable for use. 

Contamination yearly becomes more serious 
with increase of settlement and urbanization, 
despite present attempts at prevention. In all, 
there are four major sources of this pollution: 
(1) erosion, which causes turbidity or muddmess, 
not tolerable in water for either domestic or 
industrial use; (2) industrial wastes, which unfit 
w^ater for all uses; (3) mine diainage, largely acid 
and very objectionable because it causes corro- 
sion and scale; and (4) sewage and city wastes 
other than those resulting from industry. 

Objectionable erosion is preventable. For many 
Hquid industrial wastes, however, the only effec- 
tive place of disposal is a body of surface water 
or a sewer. In highly industrialized areas, this 
has led to great pollution of surface waters, which 
increases yearly with development of new indus- 
trial processes with large water requirements. 
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resulting in growing volumes of liquid wastes on the stream bottom, thus preventing offensive 
which cannot be utilized and must find disposal, odors. During freshets, however, this mateiial is 


Pollution by sewage hkevdse becomes more seri- 
ous yearly, with inci easing consumption of water 
for sanitary purposes, even more rapid than in- 
crease of population. 

In detei mining the effects of pollution, it is 
necessary to take into account both the ability of 
stream alkalinity to neutralize acidic contami- 
nants and that of dissolved oxygen to destroy 
organic wastes indirectly. To accompHsh this 
latter, the dissolved oxygen content of the water 
must not fall below 50 per cent of saturation, in 
order to support the bacteria which reduce the 
organic matter. The limit of safe pollution, then, 
is determined by the chemical character of the 
wastes and the volume of oxygen content of the 
dilution water, measured by bacterial flora. 

The increasing seriousness of organic con- 
tamination is shown by the findings of the Tri- 
State Commission of New York, New Jersey, and 
Connecticut, covering an area with a population 
of 10,880,000. These showed that, by 1931, the 
oxygen content of the Lower East River, and of 
the Harlem River as well, was 0 per cent, indicat- 
ing an alarming concentration of sewage. Such 
contamination has an adverse effect on practi- 
cally all uses of rivers; in the New York area it 
even interferes with recreational use of the 
beaches. In the Chicago district, pollution of the 
waters of the lower, dead end of Lake Michigan 
finally forced formulation of a comprehensive 
sewage-disposal program. 

The Ohio River Pollution Survey, recently 
conducted by the United States Pubhc Health 
Service, disclosed a similarly alarming case of 
stream pollution. This study covered a Inghly 
industrialized area of 204,000 square miles with 
a population of more than 19,000,000. Of this 
number, 50 per cent were served by sewers, with 
34 per cent of the sewage treated before dis- 
charge into streams. In addition, industries pro- 
duced wastes equivalent to those of an additional 
population of 10,000,000. In this area, also, the 
acid waters draining from mines, both active and 
abandoned, daily added free and combined sul- 
furic acid, equivalent to at least 4900 tons of 100 
per cent acid, with an additional 168 tons sup- 
plied each day by the 'pickle liquors,” or spent 
acid of the steel mills. Though in general detri- 
mental, such acid waters coagulate and precipi- 
tate organic matter as a sludge. This accumulates 


carried downstream to tax the water-treatment 
facilities of other communities. 

It has long been a common practice to divert 
city wastes into rivers and lakes, which likewise 
serve as sources of supply for much of our water, 
in addition to being of great value for many other 
uses. For many years, also, this was not particu- 
larly objectionable, for dilution and natural puri- 
fication occurred to an extent that no damage re- 
sulted. Even today, the total volume of waste, 
6000 million gallons daily, is less than 0.5 per 
cent of the average daily stream flow in the 
United States and could be disposed of without 
difficulty, except for its uneven distribution, 
which is a cause for serious concern. 

Water Supply in Underdeveloped Areas, 
Among primitive populations, dependence is on 
surface waters. Therefore, where rivers and 
springs are lacking, even though ground-water 
supply may be adequate, occupation is handi- 
capped or even impossible. Such conditions may 
occur in limited areas underlain by limestones, 
where practically all drainage is underground 
and only the larger rivers, few in number and 
far apart, flow at the surface. They are likewise 
the rule in semiarid and desert regions. 

In the United States, the drinking of water 
without much if any question concerning its 
source is a common practice, though sometimes 
unwise; but in many parts of the world such a 
procedure would invite almost certain sickness 
and possible death. In most of China, and like- 
wise m all but a few of the larger Japanese cities, 
the drinking water is generally open to suspicion, 
for, with the intensive agricultural practices and 
heavy fertilization of land in production, surface 
waters, and the ground water in the shallow open 
wells which furnish the supply for domestic use 
in rural areas, are badly polluted by organic 
material. This is probably why tea rather than 
water is used so extensively, for the necessary 
boiling makes it safe to drink, and the addition of 
tea possibly improves the taste. Even in many 
parts of rural Europe, raw water may properly 
be suspected of being too badly polluted to be 
used safely for drinking without previous 
boiling. 

Water Supply in Rural United States: House- 
hold Supply. The water supply of rural areas in 
the United States is variable in both character 
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and source. Sometimes the water is soft, some- 
times It is haid, but it is generally suJfficient in 
quantity in the humid East and Noitheast, and, 
if fiee from organic contamination, safe to drink. 
The principal sources of supply for such water 
are driven, dug, and drilled wells; cisterns for 
holding ram water, and, occasionally, in the less 
developed areas, springs. 

In aieas where the mantle of glacial drift is 
thick, the loose material deposited by the ice 
serves as a reservoir holding large quantities of 
water, with the water table, or the ground-water 
level, often only a few feet below the surface. 
Where the drift is not excessively stony, it is 
often possible to obtain a supply of water by 
diiving a pipe a few feet into the ground until 
it taps the v/ater-beanng layei. Such ‘‘drive wells” 
generally afford an abundant and excellent supply 
of water, cold, clear, and, if free from contamina- 
tion, entirely satisfactory, for excessively hard 
water is unusual in shallow wells. If the drift is 
too stoixy, it may be necessary to dig the well oi , 
if the water is too far below the surface, to reach 
It by drilling. All such wells, paiticularly if shal- 
low, are open to suspicion as sources of supply of 
water for domestic use if located near potential 
somces of contamination. 

Throughout many parts of the South, the 
mantle rock, or the surface layer of loose material, 
is thin, and springs are lacking or variable in 
flow. Where this is tiue, ram w^ater from cisterns 
affords the common supply for household use. 
Often, however, care is not exercised in either 
collection or storage of such water. Many of the 
cisterns are uncovered or, if covered and 
equipped with pumps, covers are not tight. 
Further, cisterns often go dry during protracted 


periods without precipitation during the summer 
months, so that a water shortage, difficult to 
remedy easily, frequently occurs. 

Springs, the fa\ored source of water of the 
early pioneers, are still used to supply drinking 
W'ater in some less w*ell-developed regions, not 
only in the South, but m the North and North- 
w^est as w^ell. Maii}^ of these furnish relatively 
small amounts of water but, occasionally, dis- 
charge is considerable with appearance at the 
surface of undergiound drainage m a limestone 
area. At Silver Springs, Florida, for example, the 
flow is 1 15,000 gallons per minute. Where popu- 
lation is sparse and only chance contamination 
possible, springs often afford a satisfactory supply 
of water for domestic use. 



Fig 160. A cistern m northern Gra^es County, 
western Kentucky, showing the conductor pipe from 
the roof and the bucket for drawing water Since 
the cistern is open, there is danger of contamination 
of the water it holds. 
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Fig. 161. A sinkhole in the limestone country of Montgomery County, central Kentucky. Water stands 
in the depression because drainage was blocked when the roof of the underground cavern collapsed. 


Wafer Supply in Rural United States: Farm 
Supply. Where springs and surface streams of 
uniform flow occur, they often serve to furnish 
water for the farm animals. Sometimes this supply 
may be either supplemented or displaced by 
ground water, pumped by hand, wind, electricity, 
or gas engine, and stored against a time of need. 

Where surface streams and springs are un- 
common, as in unglaciated areas underlain by 
hmestone, it is frequently possible to tap an 
underground drainage line and secure what is 
locally known as a '‘spring,” though it is some- 
what different in character than one resulting 
from seepage. In such unglaciated hmestone 
areas, also, collapse of the roofs of underground 
caverns often creates surface depressions, or 
"sink holes,” in which water collects if drainage 
is blocked. These then supply water for hve- 
stock. Where springs and streams are lacking, or 
unavailable as sources of water supply, and soils 
are clay, excavation of a hole in the barnyard, 
with puddling and ramming of its bottom, creates 
a watertight basin which serves to hold rain 
water for the use of farm animals. 

Public Water Supply, Pubhc water supplies 
are obtained from both surface waters and arte- 
sian wells, but 75 per cent of the population of 
the United States served by public water systems 
depend on surface waters. If only the larger cities 
are considered, the percentage supplied by sur- 
face waters rises even higher, for most of our 


major population centers secure their municipal 
water supply from rivers or lakes. Thus the ten 
largest cities, wath a combined population of 
19,796,373 in 1940, all depend on surface waters. 
The same is true for practically all others with 
populations in excess of 300,000, and for many 
more of smaller size. The water for such systems 
may either be pumped from rivers or lakes, or 
It may be secured by diversion of the flow of 
streams or, occasionally, of large springs into 
storage basins, from which it is distributed, either 
with or without pumping, to the consumers. 

To be satisfactory, water supplies should be 
ample in amount, and this is commonly the case 
except in dry areas. However, the volume re- 
quired by large cities commonly exceeds the 
amount available nearby, and thus more distant 
supplies must be tapped. Boston, for example, 
secures water from sources 25 to 100 miles away; 
San Francisco draws upon the Sierras, 170 miles 
from the consuming area; and Los Angeles, satis- 
fying its needs until recently from Owens Valley, 
240 miles distant, now secures additional water 
by pumping from the Colorado River through a 
recently completed 392-mile aqueduct. Cities 
located on the Great Lakes, by contrast, are 
peculiarly fortunate in having a virtually un- 
hmited and generally satisfactory water supply 
at their doors. 

Under certain favoring conditions, it is possible 
to obtain an adequate amount of clear and pure. 
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though often hard, water from artesian wells. 
This is true in many areas covered by glacial 
, drift; the Atlantic and Gulf Coastal Plain; and 
the Great Plains. In these areas, such wells are 
common sources of supply, 65 per cent of the 
smaller towns and rural communities, which need 
relatively small amounts of water, being depen- 
dent on them. In these areas, however, excessive 
pumping has in some cases depleted the supply, 
and contamination by sewage and, in Florida 
and Long Island, by salt water has occurred. In 
deserts, such wells, either flowing or pumped, 
may alone make human occupation a possibility. 

In all public water systems, freedom from con- 
tamination of the supply is necessary. To ensure 
this generally involves protection of the water- 
shed or catchment area from which the water is 
secured, and it may also necessitate sand filtra- 
tion to remove suspended material, and chlorina- 
tion to destroy bacterial growth, since typhoid 
and other intestinal diseases may be contracted 
by drinking water polluted by organic material. 

Ownership of Public Water Systems and Con- 
sumption of Water, The first public water system 
in this country was that of Boston, constructed 
in 1652. Even as late as 1800 but one such system 
was operated by the public; the other 15 were 
private enterprises. Today, however, about 80,- 
000,000 people in the United States are served 
by approximately 7100 public water systems. 
These use over 1,000,000,000 cubic feet of water 
each day, the average per capita daily consump- 
tion being about 127 gallons. In the larger cities it 
is greater, averaging about 140 gallons per capita 
per day in those of over 100,000 population. 
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though theie is also great \ariation from city to 
city, irrespective of size. At one extreme. Fall 
River, Massachusetts, with a population of 
115,274, has a daily average consumption of 45 
gallons per capita, at the other, Tacoma, Wash- 
ington, with a population of 106,514, one of 430 
gallons. In general, consumption tends to in- 
crease everywhere with more common installa- 
tion of modern plumbing s\ stems and greater use 
of w^ater for air conditioning, industrial, and 
sanitary purposes. In many cities, there is much 
regrettable waste of w’ater, particularly where a 
flat rate is chaiged; w'hen the supply is metered, 
consumption decreases and waste is lessened. 

Examples of Cities with Various Sources of 
Supply, Ann Ai'bor, Michigan, a city with a popu- 
lation of about 30,000, like many others of its 
size, depends upon shallow^ artesian w’ells, in 
this instance in glacial drift, for its public waiter 
supply. The w^ater thus obtained is clear, cold, 
and safe to drink, but very hard, as w^ell as having 
a high iron content, objectionable for domestic 
use because it stains plumbing fixtures. It is so 
hard that for many years it w’as a common prac- 
tice to have two sets of plumbing, one to caixy 
city water, the other to furnish cistern w'ater to 
all parts of the thouse w’here a supply of soft 
w^ater was desirable. This necessity w^as finally 
eliminated by construction of a wxiter-softening 
plant in 1938. 

Though the smaller urban centers commonly 
depend upon wells, this is not always true, low^a 
City, Iowa, for example, with a population of 
approximately 15,000, pumping its w’ater from 
the muddy low^a River, wLich fiow^s through the 



Fig. 162. Artesian wells are possible where structural conditions permit accumulation of water under a 
^liead” in a porous layer, as shown above. Under such conditions, a well may be obtained by tapping the 
water-bearing layer. If the supply is partially exhausted by drawing on it so hea\ily that w^ater le\'el m the 
water-bearing layer falls below the top of uie well, pumping becomes necessary. 



Fig. 163. Top The source of supply of water for Boulder, Colorado. The 11,223 inhabitants of Boulder, 
like those of Seattle, draw upon a mountain stream for their water. This stream, rising m tlie Arapahoe Glacier 
in the Front Range of the Rocky Mountains, furnishes clear, cold, soft water in ample amount by gravity flow. 
( Courtesy of R. H. Brown ) 

Bottom: The twin reservoirs on Beacon Hill, with downtown Seattle and the Sound in the distance to the 
west. These reservoirs have an elevation of 316 feet at overflow, and a capacity of 110,000,000 gallons. 
(Courtesy of the City of Seattle Water Department.) 
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city. After filtration and chlorination, the water 
is safe to dunk though objectionable in odor and 
not particularly palatable. 

Lexington, Kentucky, meets the needs of its 
population of about 45,000 persons by drawing 
upon sinkhole lakes outside the corporate hmits 
for its water, pumping from these sources to 
the users. In normal years, the supply is adequate, 
but always subject to the danger of contamina- 
tion. In dry years, the quantity of stored water 
may be so small that the amount is insuflBcient, 
and pollution, both inorganic and organic, may 
increase objectionably. 

Seattle, Washington, a city of approximately 
half a milhon inhabitants at the present time, 
diverts a stream with a protected watershed in 
the Cascades for its use. Water flows by gravity 
into SIX settling basins or reservoirs, where it is 
desilted. From these, it is dehvered to all parts 
of the city, largely by gravity flow. The water 
secm'ed in this manner is clear, cold, and soft, its 
mineral content being so low, 23.93 parts per 
million, that it is commonly used in storage bat- 
teries. This supply is adequate in volume, and 
excellent for all uses. 

Duluth, Minnesota, supphes its population of 
slightly more than 100,000 v>^ith water from Lake 
Superior, at the west end of which the city is 
located. The lake furnishes an ideal, near-by 
supply for the municipality, the water being suffi- 
ciently soft to be suitable for practically all uses, 
for the mineral content is only 54 parts per 
milhon. The pumping plant, located at the east- 
ern margin of the city, draws water from the lake 
at a sufficient distance from possible sources of 
contamination so that little treatment is ordinarily 
necessary to ensure safety of the supply. 

Los Angeles, California, located on the Los 
Angeles River, for many years depended mainly 
on that river ior its water. Between 1900 and 
1910, however, increase of population from 
102,479 to 319,198 necessitated supplementing 
this earlier supply by drawing upon the Owens 
River, 240 miles distant. At first, the drain on 
the second source was slight, but when popula- 
tion passed the half million mark by 1920 the 
greater demand led to conflict between irrigation 
interests in the Owens Valley and the city, finally 
settled by purchase of 80 per cent of the irrigated 
land. Today, the present population of some 
3,000,000 in the metropolitan area forces the city 
and its suburbs to turn to the Colorado River to 
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secure additional water. To accomplish this, 
water is di\eit(‘d at Paikcr Dam, 155 miles be- 
low Hoo\er Dam, through an aqueduct 392 
miles in length with 92 miles of luiiiiels, financed 
by a bond issue of $220,000,000. This will satisfy 
needs for some time to come, insolar as quantit\ 
is concerned, but the water secured is very hard, 
containing 523 parts pei million of dissolved 
mineral matter; even harder and less suitable for 
many uses than the eaily supply fiom the Los 
Angeles River, with its 378 parts per million, oi 
3.1 pounds per 1000 gallons. 

New Yoik City depends on impounded stream 
flow for its pubhc w^ater supplv. The piesent 
sources yield a total of 1,200,000,000 gallons of 
w’ater per day. Of this amount, the old Cioton 
system furnishes 336,000,000; the recent Catskill 
system, 600,000,000, the balance comes from 
several other smaller sources. Present consump- 
tion is about 850,000,000 gallons per day, well 
below the amount of the piesent available supply, 
except during a diy period such as the fall of 
1939. If city growth continues, how'ever, more 
water will be necessary wnthin a few’ years. To 
meet this anticipated demand, new resei\ oirs are 
planned for construction at the lieadw’aters of the 
Delaware River. These wall ensure an adequate 
supply for some time to come. Including the 
cost of these new w^orks, the total expenditure 
involved will total nearly $800,000,000. Such an 
enormous investment indicates the importance 
of a satisfactory system to furnish w^ater necessary 
for varied urban uses: domestic consumption, 
industiial purposes, cooling and air conditioning, 
and for fighting fires. Without an adequate sup- 
ply, or with the supply cut off, a large urban 
center would be crippled even more quickly and 
eflFectively than by a food shortage. Present con- 
ditions in om' large cities are a far cry fiom those 
wdiich confront the savage w^ho seldom, if ever, 
except in arid areas, is troubled by the possi- 
bihty of a shortage of w^ater. 

Industrial Water Supply, All manufacturing 
plants require a water supply, wdneh may be 
small if it is needed only for the personal use 
of employees and for cleaning, but again it may 
amount to several million gallons a day in a tex- 
tile dyeing plant. Requirements as to the quality 
of the water likewise vary greatly. When used 
for cooling, quahty may be immaterial; but when 
in a manufacturing process involving a chemical 
reaction, it is of fundamental importance. In the 
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Fig. 164. Top. Parker Dam, on the Colorado River. This dam impounds a water supply for Los An- 
geles. ( Courtesy of the U, S Bureau of Reclamation ) 

Bottom: Intake pumping plant, one of five for the Colorado River Aqueduct. Water is taken from 2 
miles above Parker Dam by this plant and lifted 291 feet into the first of 39 tunnels on the aqueduct. 


manufacture of chemicals, for example, the water 
must be so pure that it may even be necessary 
to use distilled water. Thus the quantity and 
quality of the available water supply are factors 
affecting the location of industrial development 

Impurities and Their Effect on Use. Practically 
all natural waters, either surface or underground, 
are weak solutions of hmestone, essentially the 
carbonates of calcium and magnesium; some sul- 
phates, where gypsum is present, or where the 
water supply is contaminated by mine or certain 
industrial wastes; and other mmerals in lesser 
amounts. Of these minor impurities, one which 
is very detrimental in certain industrial processes 
is iron. 

Hardness resulting from calcium and magne- 
sium salts causes scale in steam boilers and must 
be removed completely for the most satisfactory 
results in washing and dyeing textiles, and in 


general laundry work. It is likewise harmful in 
many other industrial processes. Corrosive waters, 
resulting from contamination by mine wastes, are 
totally unfit for use in iron and steel pipes and 
boilers. Many waters, mildly corrosive because 
of dissolved oxygen and carbon dioxide, are in- 
active when cold but, when heated, cause rust- 
ing, clogging, and even perforation of pipes. 
Surface waters rarely contain iron in objection- 
able quantity, but ground waters often contain 
so much that, when oxidized on exposure to air, 
the red sediment formed unfits such waters for 
industrial use. Turbidity resulting from sediment 
in suspension is detrimental as it contributes to 
boiler scale and is objectionable in many manu- 
facturing processes such as the preparation of 
food products. 

Location and Expansion of Industry. The 
earliest industrial activities of the United States 








235 




236 


ELEMENTS OF THE NATURAL ENVIRONMENT 


were confined to areas with excellent natural 
water supplies. With growth and movement of 
population, and improved methods of purifica- 
tion of water, though industrial development not 
feasible a few decades ago is now possible in 
areas with hard water, types of industry which 
have need for large quantities of high-quahty 
water still tend to locate where the natural water 
supply IS ample in amount and of satisfactory 
quality. The reason for this is that cost of treat- 
ment, varying from 2 to 20 cents per 1000 gal- 
lons, dependent on the character of the water, 
size of plant, and treatment employed, may be a 
considerable item if the quantity of water used 
is large. 

Growth of industries, such as the manufacture 
of wool, silk, cotton, knit goods, paper and wood 
pulp, leather, distilled liquors, chemicals, drug- 
gists’ preparations, and others of similar charac- 
ter, during the past 50 years has been confined 
almost exclusively to states where the water sup- 
ply IS soft or only slightly hard. Industrial ex- 
pansion in other areas has been of those types of 
industry in which water requirements are not 
so rigid. This is a condition which may be ex- 
pected to persist. 

Water Supply and Man. Water supply is as 
essential as the land, for it alone makes man’s use 


of the land possible. Nevertheless, like the land 
which affords support, water is frequently used 
wastefully, even in dry areas, where necessity 
might appear to dictate its conservation as the 
price of existence. It should be realized that 
water, even though supplied free, is variable in 
distribution, limited in amount, and all afforded 
by precipitation, even that which is stored under- 
ground. The uneven distribution results from dis- 
similar precipitation, in association with variable 
evaporation, runoff, and subsurface conditions, 
which affect the amount of both surface and 
ground water available in any area at a given 
time. 

Where the supplies are abundant and the 
quality of the water is satisfactory, regional 
opportunity is improved; where quantity is small 
and quality poor, areal potentialities are de- 
creased. It is therefore highly desirable to con- 
serve the resource. With this objective in mind, 
accelerated erosion should be checked, pollution 
prevented, and waste eliminated, for only by 
intelligent use of water supply can man preserve 
the natural balance which makes for maximum 
opportunity. It is well to remember that man is 
not essential to the earth, though the earth is to 
man, and that he should, therefore, regulate his 
activities correspondingly. 


QUESTIONS AND EXERCISES 


1. What is the fundamental difference between 
surface and ground waters? Why is water supply 
a critical factor in determining the possibility 
of human occupation of an area? 

2. What IS the source of the domestic water supply 
of the Bermudas? Why^ Where are these islands 
located and who owns them^ 

3. Wliat is the relation between the quantity and 
quality of ground water supply^ Why is water 
from shallow wells commonly less mmeralized 
than that from deep wells? 

4. What is meant by “hard water”^ Why is hard- 
ness objectionable for many domestic uses? 
Name those for which it is objectionable. 

5. What determines “tolerable hardness"'? What 
are the objectionable dissolved minerals in hard 
water? What degree of hardness unfits water for 
most industrial uses^ 

6. Name some areas in which mineralization unfits 
the water supply for most uses. 

7. With what factor does hardness of surface water 
vary? How do low-water stages of surface waters 


sometimes affect the quality of ground water in 
Florida and California? 

8. How did the great drought of 1934 affect 
ground-water supply? How do such great 
droughts compare in seriousness with severe 
floods? Why? 

9. How and in what way have human activities 
affected the water resources of the United 
States? 

10. What are the principal sources of pollution of 
our water supply? How may such pollution be 
prevented? 

11. Why is pollution of our water supply increasing^ 
What is the present condition in the New York 
and Chicago areas? In the industrialized Ohio 
Valley region^ 

12. Why did lack of a surface-water supply prevent 
occupation of an area by primitive man? Why 
are water supplies of the Orient commonly un- 
satisfactory for domestic use? 

13. In what part of the United States are cisterns a 
common source of supply of water for domestic 



use? Why are such supplies commonly contami- 
nated? 

14. State the common sources of water used for 
watering hvestock on farms in the United 
States? In what part of the country is each of 
these used? Which ones are used in your home 
area? 

15. What percentage of tlie population of the 
United States depends on surface-water sup- 
plies for its public water systems? Is this source 
of supply more important in large or small 
urban centers^ Why? 

16. What is the average daily per capita consump- 
tion of water in our cities? Is consumption in- 
creasing or decreasing? Why? 


Discuss tlie water-siippl) pioblenis of Los An- 
geles and New York Cit\ 

What qualities must a water siippK possess to 
make it satisiactor\ for indiistiial Il'ich 
Wh\ are hardness and iron objectionable in a 
water supply for industrial use^ Wliat otlier ob- 
jectionable impurities may mterfeie with such 
use^ 

20 How^ is location of mdustn' affected by qualiU 
of water supph ^ What has been the historc of 
e\pansion of those t\pes of industry requiring 
large amounts of soft watei in the manufacturing 
process^ Why? Name &e\ eral industries in wdiich 
need for a large colume of soft water is so im- 
portant as to affect their location. 
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chapter Twenty-One 

MISCELLANEOUS USES OF INLAND WATERS 
AND PROBLEMS ASSOCIATED WITH 
USE OF RIVERS AND LAKES 


Miscellansoils Uses of Rivers and Lakes. In 
addition to the various uses of rivers and lakes 
'which have been considered previously, our in- 
land waters present opportunity for recreational, 
subsistence, and commercial fishing. Under cer- 
tain conditions, they may also serve as the loca- 
tion for homes of ‘"floating populations” and, 
where winters are long and cold, they may fur- 
nish a source of ice supply and make certain 
winter sports possible. Last, but not least, they 
frequently afford the basis for an important 
resort business. 

Fishing. Recreational fishing, with the value 
of the food supply seemed of secondary impor- 
tance, IS common in most parts of the United 
States. In vacation areas in Michigan, Wisconsin, 
Minnesota, and elsewhere, this attraction draws 
thousands to rivers and lakes each year, income 
from license fees being an important source of 
revenue which goes far toward paying for the 
necessary restocking of depleted waters. In 
limited portions of the United States, but to a 
much greater extent m the densely populated 
countries of eastern Asia, fishing on a subsistence 
basis, or to acquire a food supply for home con- 
sumption but not for sale, is frequently a part- 
time occupation, returns from which supplement 
income from the prevailingly small farms. Again, 
fishing on interior waterways may afford a full- 
time occupation, either on great rivers hke the 
Mississippi, or on large lakes such as Lake Su- 
perior. This aspect of fishing will be considered 
in much greater detail in a later chapter. 

Homes for ^‘Floating Populations'^ In the 
United States there are many “houseboaters” 
who live in floating homes on our rivers and other 


waterways throughout the year, particularly on 
the Mississippi and its larger tributaries. In some 
cases, houseboats remained moored m one place 
for many years; in others, they are shifted from 
place to place with the seasons, or as the whims 
of their occupants dictate. In south and southeast 
China, where level land is limited in amount and 
population is almost incredibly dense, thousands 
of people occupy similar floating homes from 
birth to death, often being dependent for their 
livelihood as w^ell upon the waters which afford a 
location for their habitations. This overflow of 
population from the land to the waterways of the 
Canton area is one of the most striking aspects 
of man’s occupation of southeastern China. 

Ice Supply. In parts of the country where 
winters aie long and sufficiently cold so that ice 
of considerable thickness forms on all lakes and 
many rivers, lakes afford a common source of 
ice supply for smaller communities and rural 
areas where artificial ice is not available. Natural 
ice also affords recreational opportunity in these 
same areas, even in the larger cities of north- 
eastern United States, where outdoor artificial 
rinks on playgrounds supplement skating afforded 
by lakes and other bodies of water. Similarly, the 
canals of the Netherlands swarm with skaters 
during the few weeks of the winter months 
when ice closes them for use in navigation. 

Recreational Use. The streams and lakes of the 
United States often afford boating, bathing, and 
other recreational possibihties, though their value 
for these uses is greater in areas of relatively re- 
cent glaciation, where lakes are more numerous, 
the waters of both rivers and lakes are clear, 
and shores are less marshy than in other parts of 
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elsewhere, scenic beauty attracts many visitors. 
Of recent yeais, also, constiuction of storage res- 
ervoirs, such as those of the Tennessee Valley and 
the one known as the "Take of the Ozaiks,""* has 
served to supplement the recreational oppor- 
tunity afforded by nature. 

In New England, the Lake States, and in many 
areas on the Pacific coast where natural condi- 



Fig 168. Vernal Falls, at the head of the Yo- 
semite Valley, Yosemite National Park, California. 
(Couitesy of the U. S. Department of the Interior.) 


tions are favorable, the streams and lakes draw 
thousands of tourists, and recreation becomes an 
important business. In Michigan, it is estimated 
to contribute in excess of $500,000,000 each 
year, with $274,000,000 of this total from outside 
the state. Similarly, the recreation business in 
Wisconsin and Minnesota, the latter popularly 
known as the *Xand of Ten Thousand Lakes,” 
brings in comparably large sums. In some parts 
of these states, in fact, it is actually the most 
important single source of revenue. 

Part of this income is derived from cabin 
camps which cater to tourists who wish to pre- 
pare their own meals; part from lodges and 
resort hotels which supply both food and sleep- 
ing accommodations; and part is contributed by 
summer residents who own or rent cottages. 
In Michigan alone it is estimated that the num- 
ber of such cottages exceeds 20,000. In Oak- 
land County, near Detroit, there are reputed 
to be 400 lakes, many of which, because of their 
accessibility, are so built up with summer and 
all-year homes that they are actually the centers 
of villages, with most of the conveniences of 
smaller population centers. Somewhat similar 
conditions exist around much of Lake Minne- 
tonka, west of Minneapolis, Minnesota. In these 
two cases, the lakes are so close to large urban 
centers that it is possible, in these days of good 
roads and automobiles, for those who live at 
them to work in the cities, yet spend nights and 
week ends at the lakes. This, essentially a de- 
velopment of the past 30 years, has worked a 
revolution in the ways of life of many who work 
in the cities. 

In many of the cutover regions of the Lake 
States, cottages and resorts carry a large share, 
or even the major portion, of the tax burden. 
Not only do they represent one of the most stable 
forms of investment in these areas, but thc^r sum- 
mer occupants furnish a potential or actual outlet 
for the limited agricultural production and sup- 
plemental employment to the permanent popu- 
lation. They alone, directly and indirectly, enable 
support of the necessary community services, 
including schools, in many such areas of limited 
opportunity. 

Thus in some areas the recreational asset is so 
important that it overshadows all others, or at 
least it bulks so large that it influences all other 
economic activities. This is true not only in the 
summer resort regions of the North, but likewise 
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Fig. 170. A cabin camp on the rocky Baptism River near Finland, Lake County, in the Arrowhead Coun- 
try of northeastern Minnesota. 


in the winter resort areas of Florida, the Gulf drainage should be avoided, and the public 
Coast, and parts of California. It is therefore should be guaranteed access to natural beauty 
desirable that steps be taken to conserve the spots by keeping at least some of them in public 
natural opportunities afforded by lakes and ownership in state and national parks and forests, 
streams and to preserve the scenic beauty where Integration of River Improvement. It probably 
such assets serve as the basis for the recreation will have been noted that the same physical 
business, if its permanence is to be assured. It characteristics which affect the value of a river 
IS also desirable, wheiever practicable, to supple- for one use likewise affect its desirability for 
ment the attraction afforded by nature by con- several others, in varying but important degrees, 
struction of reservoirs or artificial lakes in areas Thus volume and variability of volume are not 
where natural lakes are few in number or lacking, only important in determining whether a river 
To preserve present advantages, defacement of can be employed to advantage for navigation, 
the landscape should be prevented, streams but also whether its use for power development, 
should be protected from pollution, unwise irrigation, or for some other purpose is econom- 



Fig 171 A typical summer cottage on one of the small lakes of southern Michigan, easily accessible by 
good roads from both Detroit and Chicago. 
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ically feasible. In similar fashion, gradient, silt 
content, extent of interruption by ice, and other 
characteristics are all of more or less importance 
in determining the value of any given stream for 
several uses. 

In view of this fact, when a rivei is improved 
for navigation the improvement affects the de- 
sirability of that same river for other uses. For 
example, when dams are constructed to mcrease 
navigabihty, the regulation of stream flow which 
results decreases flood danger, increases oppor- 
tunity for power development, and even improves 
the river for recreational use. In the Kentucky 
River, for example, where dams constructed to 
improve the river for carrying freight deepened 
the water over the bathing beaches, a secondary 
benefit resulted, though one not contemplated 
by the sponsors of the river improvement. (See 
Fig. 173.) 

Because of this interrelationship of uses, it is 
preferable to solve the problems of river use as a 
group rather than singly. Instead of impioving 
a river for navigation only, for example, it is 
better to improve it for all uses to which it can be 
put to advantage. After a decision has been 
reached with respect to all desirable improve- 
ments for a given river, and the amount of money 
which can be spent with profit for each, if the 
objectives desired can be attained by expenditure 
of the total of these sums, the river should be 
improved. If not, the project should be aban- 
doned. With such a procedure, results would be 
more satisfactory than those obtained by piece- 
meal attack, first, improvement for navigation; 
then for flood control, and, still later, for other 
purposes. A practice such as suggested would not 
only enable intelligent decision as to whether 
benefits to be derived would be commensurate 
wivh costs involved, but would likewise prevent 
unnecessary duplication of effort and unwise 
conflicting operations, with accompanying waste 
of both effort and money. 

An example of river improvement carried out 
in this manner is afforded by the Hoover Dam 
project. In this improvement of the Colorado 
River, the objectives were fourfold. (1) genera- 
tion of power; (2) irrigation of additional land 
in the Imperial Valley; (3) control of Colorado 
River floods; and (4) supply of water for domes- 
tic and industrial use in Los Angeles and adjacent 
areas. Other possibilities, such as improvement 
for navigation, were not considered, for location 



Fig. 172. The High Falls of the Pigeon River, in 
an area of gi eat liistoncal interest on tlie International 
Boundary between the United States and Canada. 
The other ri\’ers of the Arrowhead Country of north- 
eastern Minnesota flow through similarly beautiful 
rocky gorges and have comparable falls, for when 
they leave tlie Superior Upland, they drop several 
hundred feet to lake level within a short distance. 

and physical chaiacteristics of the Colorado 
River eliminated them from the list of practicable 
objectives. 

Before any construction was begun, the critical 
physical chaiacteristics of the Colorado River 
such as volume and variability of volume, silt 
content, degree of mineralization of the water, 
and location of suitable dam sites were investi- 
gated, and data on all these points were assem- 
bled. With this information available, it was 
possible to estimate probable costs and to de- 
termine whether these were warranted by the 
benefits to be secui*ed by improvement. Then, 
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Fig. 173. The bathing beach at Boonesboro, Kentucky, on Labor Day Before construction of the dams 
designed to improve the Kentucky River for navigation, the water was too shallow for use in bathing during 
the summer months. 


and only then, was construction begun. Such a 
procedure is one which should be followed in all 
cases where river improvement is contemplated, 
for it would tend to obviate needless dissipa- 
tion of our resources on economically unsound 
projects. 

Problems of Drainage: Natural and Artificial. 
Even in those areas where man has not modified 
the physical environment materially, if at all, 
stream fluctuations may be great and overflow 
may be considerable during high-water stages 
of the rivers. Wherever he alters conditions by 
supplementing the natural drainage pattern with 
ditches and tile drams, for example, old problems 
are intensified and new ones are created. Not 
only is stream flow modified by these changes, 
but all forms of inland waters, including lakes, 
are affected, generally adversely. Some of these 
effects will be considered briefly in the part of 
this chapter which follows. 

Floods and Flood Control. Floods are either 
gradual or rapid rises of river or other waters, 
most frequently caused by long continued or 
heavy rainfall, or by the sudden melting of snow 
when the ground is frozen. Occasionally, they 
may result from ice jams or violent winds, such 
as those of hurricanes. Man cannot cause floods, 
for there is no way in which he can introduce 
water into rivers in sufficient volume, nor can 
he duplicate other natural agencies competent 


to produce them. In floods of smaller streams, 
and those accompanying hurricanes or caused 
by other winds, rises may be sudden, but high- 
water stages of larger rivers commonly extend 
over a period several weeks in length, during 
which the rising water spreads gradually over 
the flat land which borders the normal river 
channel. This is the nature of the floods of the 
lower Nile Valley. These are the normal condi- 
tions in nature but, when man builds levees or 
embankments to confine stream flow, a break 
in such dikes may cause water to rise rapidly in 
areas adjacent to the crevasse, endangering life 
and causing great property loss. 

Though man does not and cannot cause floods, 
many of his activities tend to increase their 
frequency and severity. The principal human 
activities which contribute to such results are 
deforestation of steep slopes, overgrazing of 
grassland and forest areas, unwise agricultural 
practices; and drainage, all of which tend to in- 
crease rapidity of runoff and thus intensify stream 
fluctuations. A forest cover, for example, retards 
runoff in several ways, but principally because 
the spongy litter on the forest floor absorbs the 
rain as it falls, feeding the water into the streams 
gradually. With removal of this cover, water 
runs off the bare slopes rapidly and river stages 
vary greatly. Overgrazing of grassland or forest, 
with destruction of the vegetation cover which 
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Fig. 174 Levee on the Mississippi River near Fulton, western Kentucky. The levee is at the rirfit, the 
cultivated land, protected from mundation, at tlie left. 


retards runoff, produces the same result. Unwise 
agricultural practices make soils hard and com- 
pact, so that they shed rather than absorb water. 
They may also furnish furrows as channels, thus 
facilitating runoff. If artificial drainage is neces- 
sary before the land can be brought into success- 
ful production, the results may be even more 
serious. 

The average annual direct loss resulting from 
floods in the United States is estimated at $35,- 
000,000, in years when they are above the aver- 
age in severity, it is several times that sum. Direct 
damage is confined to the inundated areas and 
includes property loss, covering of previously 
productive fields with sterile mud; prevention of 
planting until too late to mature a crop, and 
other effects of similar character. It may likewise 
involve loss of hfe. The indirect and intangible 
losses are more widespread and even more serious 
than those resulting m the areas affected directly 
by flooding, as well as more difficult to estimate 
accurately. Indirect losses result from increase in 
soil erosion, clogging of reservoirs, decrease in 
the desirability of streams for all uses, loss of 
business with the flooded areas, and others. Flood 
losses, both direct and indirect, have increased 
greatly within recent years, with increased occu- 
pation of land subject to periodic inundation. 
Because of the widespread damage produced by 
floods, their control is not only a local but a 
national problem as well. 

Though rivers of uniform discharge do not 
exist, the probability of destructive floods varies 


greatly in different drainage basins in the United 
States. Further, the extent of the damage varies 
equally, being greatest in the Lower ^vfississippi 
basin, where 40,000 square miles of land are sub- 
ject to overflow, with high floods to be expected 
about every 13 years. In this area, though pro- 
tected by a $300,000,000 levee system, the great 
flood of 1927, the most serious in American his- 
tory, is estimated to have caused a loss of $250,- 
000,000. In the Ohio basin serious floods are less 
frequent, but their control is more difficult than 
in the Lower Mississippi. When they do occur, 
they cause great damage in large cities such as 
Cincinnati and Louisville. The great flood of 
1937, for example, inundated a total of 1,576,800 
acres, 89,000 or 5.8 per cent in urban areas, and 
caused a loss of several hundred million dollars. 

Flood Control Though man can neither cause 
nor prevent floods, it is possible for him to control 
them to some extent, that is, decrease their in- 
tensity and prevent flood damage in part Two 
contrasted sets of methods to accomplish these 
objectives have been proposed, one by engineers, 
a second by others. 

The fiist set involves: (1) construction of 
higher and stronger levees; (2) straightening of 
river channels in certain places, to permit more 
rapid removal of flood waters; and (3) construc- 
tion of spillways, or artificial channels, to divert 
part of the water from the river to selected areas, 
which will be inundated, thus preventing undue 
rise of the river downstream from the point of 
diversion. Levees are direct and obvious means 
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of preventing flooding of alluvial areas, and in 
common use in the Lower IMississippi Valley, 
where they were first constiucted as early as 
1717. However, they solve the problem only in 
part, for there are practical limits to their height, 
in addition to which they are enormously ex- 
pensive to construct and maintain. Channel im- 
provements alone are rarely, if ever, adequate. 
Spillways are helpful, but inhabitants of the 
areas designated for flooding object violently to 
having the river water diverted to their obvious, 
and often considerable, detriment. 

The second set of remedies, those suggested 
by others than engineers, proposes retardation of 
runoff to regularize stream flow and thus smooth 
out flood crests, and the imposition of regulations 
in areas subject to floods Such recommendations 
involve: (1) reforestation of steep slopes, (2) 
intelligent agricultural practices, (3) elimination 
of unwise drainage projects, (4) zoning and 
restriction of use of areas subject to floods, and 
(5) limited construction of retarding basins and 
storage reservoirs. An excellent example of the 
first of these last two means of lowering flood 
crests is afforded in the Miami Conservancy 
District in Ohio, where five retarding dams across 
the Great Miami and its tributaries, built after 
the Dayton flood of 1913, have so far been suc- 
cessful in preventing flood damage; of the second 
by Lake Mead, behind Hoover Dam in the 
Colorado River. Such dams are expensive, how- 
ever, and their construction is rarely warranted 
for flood control alone. 

Probably a combination of various methods 
is best in view of the desirability of regulating 
stream volume, quite apart from insurance against 
flood damage. This is because prevention of 
floods, checking soil erosion, and improvement of 
rivers for various uses are all related problems 
which can be solved best by feeding water into 
the rivers gradually rather than by concentrating 
solely on direct attempts to control stream flow. 
This latter procedure is desirable only to care for 
that fraction of the runoff which cannot be con- 
trolled to advantage. Where flood danger is 
excessive, indeed, it is probable that the land 
should be withdrawn from agricultural use and 
given over to forest. 

Artificial Drainage and Its Effects. Wet land, 
or land needing drainage before it can be used 
effectively for agricultural production, falls into 
four general classes: (1) bogs, swamps, marshes. 


and wet land in glaciated areas; (2) low-lying 
alluvial aieas and flat, poorly drained lacustrine 
plains, or former lake bottoms, (3) portions of 
coastal plains where natural drainage is poor, 
including tidal and salt marshes, and (4) irri- 
gated land suffering from either alkalmity or 
waterlogging. All four are of limited value before 
drainage and their desirability may not be in- 
creased greatly, even by removal of the surplus 
water or alkaline salts. Drainage, designed to 
decrease detention of water, may serve either 
one or both of the following purposes. (1) 
malarial control, or (2) ‘nuisance abatement,” 
that is, improvement of land values or recrea- 
tional opportunity. 

Drainage, including alkali removal in irrigated 
areas, becomes especially important if the land 
is already in farm use, and for reclamation of land 
not now in such use. Of the 86,967,039 acres 
of land in drainage enterprises in 1940, about 
80 per cent of the total acreage was in occupied 
farms; slightly over 5 per cent was available for 
settlement, and over 20 per cent was idle. Our 
drained land is largely in the Lower Mississippi 
drainage basin, the Red River and Great Lakes 
basins, with much smaller percentages in the 
West, with drainage there largely to cure alkali 
conditions. The balance of the drained acreage 
is widely scattered. Most of the land easily 
drained in now under ditch. 

In general, drainage or reclamation of wet 
land for agricultural use has not been profitable 
for initiators of the projects, though their loss 
may sometimes make later profitable use of the 
land possible. In Florida, for example, 5,699,022 
acres have been drained, but of this acreage 
approximately 90 per cent is idle and unimproved 
and 51.2 per cent is tax delinquent. Even under 
the most favorable conditions, as in Mississippi, 
of the 2,290,618 acres drained, nearly 40 per 
cent of the total is idle and unimproved; and 
4.6 per cent is tax delinquent. In many of the 
counties of northern Minnesota the costs of drain- 
ing peat bogs, which have not passed into agri- 
cultural use, have bankrupted the counties in 
which the drainage projects are located. These 
are unfortunate conditions, made doubly so by 
the fact that artificial drainage, upsetting a natural 
balance as it does, always produces certain unde- 
sirable results. These include: (1) lowering of 
the ground- water level, (2) undesirable increase 
of stream fluctuations, (3) destruction of wild 
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Fig. 175 At the left, Minnehaha Falls in the days before drainage robbed Minnehaha Creek of its water, 
at the right, the dry face of tlie Falls and the dry creek bed below, October, 1939, a dr\ year Since that 
date, heavier precipitation has restored the Falls to something like their former attiactn’eness during part of 
the year. 


life, both plant and animal, and (4) increased 
fire hazard. 

Whether artificial dramage in any given area 
pays depends on the relationship between the 
benefits which accrue, if any, and the attendant 
disadvantages. Dramage, far in advance of any 
need of land for agricultural use, is always detri- 
mental if reclamation is designed to bring addi- 
tional land into production; drainage of land 
already in agricultural use may be desirable if 
costs are not excessive and the gains compensate 
for the inevitable losses. Whether this will be 
true varies from one locality to another; each 
problem of drainage is an individual case to be 
settled on its own merits. At present, those areas 
which can be reclaimed at a profit are perhaps a 
potential future, but probably not a great present 
asset. 

Lakes and Lake Levels. A lake is a body of 
water of some size and depth standing in a de- 


pression which extends below ground- water level, 
the relation of lake level to that of the giouiid 
water being shown in the accompanying dia- 
gram, Fig. 1T6. If the depression is very shallow, 
a marsh or swamp lathei than a lake results, 
since vegetation captures anv wet aiea where 
the depth of standing water is slight. Most lakes 
are relatively small, occup\ ing minor depressions 
in loose, unconsolidated material such as glacial 
drift, but a few are large and deep and their 
basins may be in part m solid rock. These basins 
are produced by various agencies. Some result 
from blocking of existing drainage lines and rec- 
tification of stream courses, some from crustal 
deformation. In gi eater number, however, they 
have been formed, at least in part, by glaciation. 
Therefore they are most numerous in glaciated 
regions. 

All lakes are temporary phenomena in the life 
history of the drainage pattern of which they 
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Fig 176. Relation of ground water to lake level. 


form a part, since the operation of natural agen- 
cies tends to destroy them, and all are, therefore, 
relatively short lived. Inlet streams, if present, 
bring in sediment, supplemented by slope wash, 
to fill the basins, outlet streams tend to drain 
them by vertical cutting. Waves and ice attack 
the shore lines, causing them to retreat, the ma- 
terial worn away from the shores in this manner 
being distributed over the lake bottoms, so that 
the lakes become both larger and shallower. 
When shallowing of water alongshore becomes 
sufficiently serious to interfere with approach by 
boat, the condition is frequently corrected by 
placing a dam in the outlet stream. This raises 
the lake level, it is true, but it likewise renews 
wave and ice attack on the shores, with additional 
enlargement and shallowing of the lake. With 
decreasing depth of water alongshore, vegetation 
establishes itself in the shallow water and the 
shore line becomes marshy. Then vegetation ex- 
tends lakeward gradually as a floating mat, which 
eventually captures the entire surface of the lake, 
filling the basin and transforming what was a lake 
into a peat bog. This process is occurrmg in all 
marshy-shored, soft-bottomed lakes. 

With construction of drainage ditches, lake 
destruction goes on even more rapidly, for the 
water which formerly found its way into the 
ground, to add to the store upon which lakes 
depend for their supply, now flows off at the 
surface and ground- water level is depressed. This 
lowering of ground-water level may be sufficient 
to shallow the lake to an extent that vegetation 
becomes established and causes its extinction. 
This has been the history of many of our smaller, 
shallower lakes after the initiation of drainage 
projects, one year often being sufficient to trans- 


form a lake into a marsh. In extreme cases, the 
ground- water level may be depressed so greatly 
that the lake disappears completely and cultiva- 
tion of its former bottom becomes a possibility. 

Even hmited shallowing of lakes destroys much 
of their attractiveness, especially of those where 
depth alongshore increases gradually. In such 
cases, it decreases their area greatly, in addition 
to exposing the bottom, creating marsh condi- 
tions, and destroying the bathing beaches. These 
results are especially detrimental where resort 
possibilities furnish much of the basis for the 
regional economy. In such areas, it is hardly possi- 
ble that any local benefits to be derived from 
drainage can offset the unfortunate effects upon 
lake levels, the destruction of the breeding places 
for birds, and the creation of unfavorable condi- 
tions for other wild life, both plant and animal. 

When lake levels fall objectionably, it is often 
possible to restore them, at least temporarily, 
either by diversion of stream flow or by pumping 
water from artesian wells into lakes, the levels 
of which it is desired to raise, though the eco- 
nomic soundness of either of these two pro- 
cedures may be open to question. The second of 
these two methods has been used for restoring 
the level of Lake Minnetonka, west of Minne- 
apolis, during dry years, when a considerable 
investment in summer and all-year homes was 
threatened by exposure of the lake bottom and 
marsh growths in the shallow water alongshore. 
Unfortunately, however, this pumping caused 
many wells in the surrounding area to go dry, 
which worked a hardship on users of their water. 

When lake level falls to the extent that a marsh 
results, it is possible, if ground-water level has 
not been lowered too greatly, to restore a lake 
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by deepening its basin sufficiently so that water 
again stands in the depression. This has been 
done in Minneapolis for several small lakes such 
as the Lake of the Isles, Nokomis, and Hiawatha, 
in the public park system, but it is much too 
expensive to be a general remedy. These steps, 
it will be noted, have been made necessary in 
considerable part by poorly conceived activities 
of man, supplemented to some extent by an ac- 
cumulated deficiency in precipitation. 

Man and His Use of Inland Waters. The varied 
values and potentialities of inland waters under 
intelligent use are obvious. It is further apparent 
that, where they are used unwisely, results may 
be very unfortunate. Therefore, such change as is 
contemplated as a means of improving our in- 
land waters should be considered, not only with 
respect to its direct, but to its indirect eflPects 


as well. The various aspects of ri\er improvement 
should, then, be considered as parts of a related 
whole and, m turn, as a portion of a still larger 
pattern embracing the total of human use of an 
area. Intelligent planning for desirable use of 
inland waters, therefore, must be based on more 
than superficial information. The history of the 
past demonstrates this to be a fact, though in 
some of the so-called "‘planning,” and particularly 
in that of interested groups, either majorities or 
minorities wishing to establish some social or 
economic theory, or secure unfair personal ad- 
vantage, the teachings of experience hax^e been 
disregarded. Such being the case, the future un- 
doubtedly holds unpleasant surprises in store 
which might have been avoided if more mature 
consideration and good judgment had been exer- 
cised m the past. 


QUESTIONS AND EXERCISES 


1. Name the principal miscellaneous uses of our 
rivers and lakes Which ones of tins hst are tlie 
more important^ 

2. What are the various types of fishing in our in- 
land waters? Which one of tliese is of relatively 
little importance in this country but very im- 
portant in eastern' Asia^ Why? 

3. In what parts of the world are inland waters 
used in an important way as the location of habi- 
tations for floating populations^ Why^^ Why not 
used to such an extent in most parts of die 
United States? 

4. What various uses do the canals of the Nether- 
lands serve? 

5. What are the different recreational uses of our 
inland waters? Why do rivers and lakes offer 
greater opportunity for recreational use in gla- 
ciated areas than in the South? 

6 Report on die resort industry at Lake Tahoe. 

7. Discuss the development of resort possibihties 
in the Detroit area and its basis. Why has this 
been a relatively recent development? 

8. Why are the recreational values of the lakes 
and rivers locally of great relative as well as ac- 
tual importance in the cutover areas of the Lake 
States? 

9. Discuss the importance of the resort business in 
Michigan, Wisconsin, and New England In 
what other states is this industry highly devel- 
oped^ 

10. What steps should be taken to preser\^e the nat- 
ural advantages of our inland waters as recrea- 
tional assets? 

11. Why is it desirable to consider river improve- 


ments for various uses as a group rather dian to 
attack the problems of ri\'er use singly? 

12. What are the objectnes of the Hoover Dam 
project^ How does this project illustrate a de- 
sirable procedure in n\ er inipro\ ement? 

13. What is a flood^ What causes floods? Why is it 
impossible for man to pre\ ent floods? 

14. Why is river rise generally gradual in normal 
floods of large rners? Is it ever rapid in rivers 
and, if so, under what conditions? How does con- 
struction of levees affect the character of floods? 

15. What effect do man's activities have on floods^ 
What are these activities which affect floods? 
What effect do they produce^ Why? 

16. Discuss flood damage in respect to character and 
amount Which is more serious, the direct or the 
indirect damage^ Why? 

17. Do all rners flood badly^ Why? In what parts 
of the United States are floods most common 
and disastrous in their effects? Why? 

18 What is meant by “flood control"? 

19. What two general methods of flood control are 
available? What is the fundamental difference 
between the two methods? 

20. State the methods of controlling floods suggested 
by engineers. To what extent are such methods 
desirable? 

21. State the methods of flood control suggested by 
those who are not engineers Why are these de- 
sirable, quite apart from their effect on floods? 

22 What types of land need drainage? What are the 
purposes of artificial drainage^ 

23 State the unfa\orable effects of artificial drain- 
age. 
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24 Discuss the desirability of artificial drainage for 
reclamation, including the effects of such dram- 
age m Florida, Mississippi, and Minnesota 

25. What IS a lake? What is the difference between 
a marsh and a lake? Between a swamp and a 
marsh^ 

26. What natural agencies operate to destroy lakes? 
How do they operate and what effects do they 
produce^ Why do lakes tend to become larger 
and shallower with the passage of time^ 

SELECTED 

Report of the Water Planning Committee of the Na- 
tional Resomces Boa'td, Washington, 1934, Part 
III, Section II, Parts VII, X, XII 

These parts of the report listed are devoted to 
flood control, drainage, and recreational use of in- 
land waters. 

Parkins, E. A , and Whitaker, J. R., Our Natural Re- 


27. How does artificial drainage affect lake levels ad- 
versely? 

28. If lake levels become depressed, how may they 
be restored^ Why is this economically impossi- 
ble on a large scale? 

29. In what types of areas is the lowering of lake 
levels particularly serious^ Why? 

30. What procedure is necessary if we are to retain 
our lakes at their present levels, and m their 
present condition? 

REFERENCES 

sources and Their Conservation, John Wiley and 
Sons, Inc , New York, 1939, Chaps. VIII, XV, XXI 
The chapters cited afford an excellent discussion 
of reclamation of wet and overflow land, and of 
floods and flood control, in addition to a limited 
consideration of the recreational values of mland 
waters. 



chapter Twenty-Two 

SURFACE FEATURES: LOWLANDS 


Effects and Subdivisions of Land Forms. Man's 
activities are affected, not only by the surface 
features of his immediate surroundings, but by 
those of adjacent areas as well. The first hmit 
land use and local circulation, the second affect 
accessibility and the possibility of gainful ex- 
change with other regions, either near by or far 
away. It is, therefore, not suflBcient to consider 
local conditions only in a comprehensive evalua- 
tion of areal opportunity as influenced by topog- 
raphy. 

Two major classes of land forms may be recog- 
nized: lowlands and highlands. The former are 
normally plains areas; the latter may be either 
plateaus or mountains, dependent on their past 
geological history. These designations, ''high- 
land” and "lowland,” are comparative terms hke 
"large” and "small,” "tall” and "short,” "rich” 
and "poor,” for they refer to relative as well as 
actual elevation. Thus a low highland may be 
higher than an immediately adjacent lowland, 
yet be of lower elevation than a high plain 
associated with a major mountain uplift. The 
essential facts to be kept in mind are that all 
lowlands are of relatively slight local rehef and 
of lower elevation than the highlands which 
adjoin them, but that there is no arbitrary lower 
elevation for highlands and, similarly, no definite 
upper elevation for plains areas. 

Classes and Characteristics of Lowlands. Low- 
lands may be subdivided into the following, not 
always mutually exclusive, types of plains: (1) 
coastal, (2) alluvial, (3) glacial, (4) lacustrine, 
and (5) degradational. This classification is 
based on the origin of such surface features as 
local relief, soils, drainage, and other environ- 
mental aspects which affect opportunity. In the 
first four of these types of plains, the surface 
features result largely from constructional, in the 
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last, pimcipally from destructional, processes. 
All five, however, have common characteristics 
which justify their inclusion under the major 
subdhasion, low lands. x\ll, for example, are areas 
of relatively slight relief, that is, smface irregu- 
larity is not great. This favors agricultural use 
of the land and internal communication. In all. 
rivers tend to flow sluggishly, making them more 
suited for use in navigation than for powder de- 
velopment, except occasionally in glacial plains, 
where drainage is immature. All likewise lack 
marked surface differences over relatively large 
areas. These are featuies facilitating exchange of 
goods and ideas and making for progress. 

That low’lands are attractive to man and that 
they offer opportunity is indicated by the fact 
that such a large fraction of the world^s inhabi- 
tants hves in plains areas. In the United States, 
for example, it is estimated that approximately 
90 per cent of the total population occupy areas 
of such shght elevation and rehef that they may 
be classified as plains. This density of population 
in lowland areas is much too great to be purely 
accidental, especially in view of the fact that con- 
centration m plains areas is similarly marked for 
all parts of the earth’s land surface. Highlands 
the wmrld over, by contrast, are commonly occu- 
pied by sparser and w^eaker populations, gen- 
erally forced into these less desu’able areas by 
stronger groups, which displace them in the more 
promising plains. Thus, m India, the Bhils and 
Gonds occupy the hilly, poorly watered, south- 
central Deccan, in China, the aborigines live in 
the southwestern provinces, in the rough coimtry 
south of the Yangtze. In the United States, we 
have similarly dispossessed the Indian, forcing 
him by stages into the relatively less desirable, 
in considerable part, highland areas, with passage 
of the better plains into wliite ownership. 
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Fig. 177. A portion of the Atlantic Coastal Plain, drained by the Edisto River and its tributaries, about 
25 miles northwest of Charleston, South Carohna Elevation is slight; soils are sandy; natural drainage is poor. 
Nearly 50 per cent of the area is in swamp and approximately 75 per cent in forest, swamp and upland 
types. These are typical conditions for the outer margin of the coastal plain bordering the Atlantic seaboard. 
( After Bowman Quadrangle, South Carohna, U. S. Geological Survey. 
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Coastal Plains. A coastal plain is an area which 
has been added to the land mass of which it is 
today a part largely by exposure of former ocean 
bottom. Immediately offshore, bordering the 
Atlantic and Gulf coasts of the United States, 
and other continental margins as well, the water 
IS relatively shallow over what is known as the 
‘'continental shelf.” If this portion of the ocean 
bottom were uplifted as much as 600 feet, or 
the ocean surface were depressed by an equal 
amount, the continental shelf would become dry 
land. In past geological time such an elevation 
of the ocean bottom occurred along our eastern 
seaboard, forming what is known as the “Atlantic 
and Gulf Coastal Plain.” Prior to this uphft, the 
old seacoast extended southerly from New York 
City through the sites of Trenton, Philadelphia, 
Baltimore, Washington, Richmond, Raleigh, Co- 
lumbia, Augusta, Macon, and Montgomery. Then 
the coast line swung to the north to form a great 
embayment into which the Mississippi River 
discharged near its present junction with the 
Ohio, from which point the trend of the coast 
was southwesterly to the Mexican boundary and 
beyond. The area which lies between this old 
coast line and that of today is the Atlantic and 
Gulf Coastal Plain. 

This plain is of slight elevation in most por- 
tions, even on its inner margin, where uplift has 
been greatest, elevations are seldom as much as 
600 feet. Near the coast, in Florida, much of the 


land is only a few feet above sea level. On its 
outer margin, bordering the ocean, the land is flat 
and swamps are common, some, such as the Ever- 
glades in southern Florida, the Great Dismal in 
Virginia and North Carohna, and the Okefeno- 
kee in southern Georgia and northern Florida, 
being of great extent. Further, local subsidence 
subsequent to uphft has caused drowning of some 
land preMOusly near sea level, and embayment 
of certain of the rivers such as the Potomac and 
James in \hrgima. On its inner margin, where 
elevations are greater, the country is gently roll- 
ing, or it may even be distinctly hilly, but, though 
slopes may be steep, hills are not high, for eleva- 
tion is not great, seldom as much as 600 feet. 
These are common surface features of all such 
plains. 

The surface of the coastal plain, underlain 
everywhere at slight depth by unconsolidated or 
but slightly consolidated rock, continues seaward 
with no great break into the present-day conti- 
nental shelf. Over the submerged surface of this 
shelf, coarse material, contributed by rivers and 
wave action, is spread to obliterate inequalities 
of the ocean bottom; most of the clay is dropped 
in deeper water, farther from the shore. Thus, 
except m sheltered bays w'hexe some of the finer 
material may be deposited or m localities where 
marine forms of life may leave calcareous or 
limey remains, the ocean bottom immediately 
offshore tends to be sandy. For this reason, soils 



Fig. 178. Hilly iopography of the inner margin of the Gulf Coastal Plain in the Gulf Emba^ent 
region of western Kentucky. Soils are thin on the steep slopes, too thin to tempt agricultural use There- 
fore they remain in forest. Along the roadside m this view, soils are not more than 6 inches thick; the road- 
bed is solid rock. Under such conditions, agriculture, confined to small tracts of level land m depressions 
and along streams, is limited and returns are poor. 
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of coastal plains, formed by exposure of former 
ocean bottom, are commonly sandv and poor. 
In the Atlantic and Gulf Coastal Plain, an ex- 
ception to this iiile IS afforded in hmited areas 
such as that around Selma, Alabama, where the 
original soils, today largely removed by erosion, 
were formed by disintegration of impure hme- 
stone and under a giassland cover. 

Streams flow sluggishly over the flat surface 
of coastal plains. Therefore the larger rivers are 
commonly navigable, though not well suited for 
development of power. This is particularly true 
where drowning has embayed and tides affect 
their lower couises. This embayment was of great 
importance to the early settlers of Tidewater 
Virginia, since it enabled the small ships of that 
period to tie up at the plantation docks to take 
on and discharge cargo. Today, these same wide 
rivers and the great swamps interfere with com- 
munication by land, both by road and rail. There- 
fore rivers still continue to function as highways 
to a much greater extent than in most parts of 
the United States. However, despite their slug- 
gish flow, the shallow valleys streams have cut are 
the most marked surface irregularities of coastal 
plains. 


Because of the generally sandy soils, together 
with a serious soil-erosion problem in the hillier 
areas of greater elevation, coastal plains, even 
with a favorable climate, generally rank low in 
agricultural desirability. For example, though the 
Atlantic Coastal Plain was one of the areas of 
earliest agricultural settlement in the United 
States, there is frequently little to indicate that 
fact today, for a large fraction of the formerly 
cultivated area long ago reverted to forest, and 
only slight agricultural use of the land is evident 
at present in many areas formerly under culti- 
vation. 

Though coastal plains in all parts of the world 
are similar in location with reference to the ocean, 
topography, and drainage, they are not alike in 
many fundamental respects, for they differ in 
accessibility, climate, soil types, and in stage of 
development. This causes great variation in 
density of population and in kind and degree 
of economic activity. In many coastal plains, 
agriculture is locally important and often the 
dominant occupation, but this is far from being 
universally true. Occasionally, in less developed 
areas, man may depend on forest industries or 
even on hunting and nomadic grazing, as do the 



Fig. 179. Sandy soils, climate, and topography favor market and truck gardening in limited portions of 
the Atlantic Coastal Plain, where facilities for marketing the crop are available. In this view in Norfolk County, 
Virginia, where these conditions exist, the crop being harvested is spinach. ( Courtesy of the Norfolk Adver- 
tising Board. ) 



Fig 180. Top: This house, in the hilly inner portion of the Gulf Coastal Plain of McCracken County, 
western Kentucky, is typical of many in the poorer parts of the area. Of log construction, with roof of 
hand-split shingles, though occupied, its dilapidated appearance might suggest abandonment. 

Bottom An attractive "'dog trot’’ log house on the inner margin of the Coastal Plain, Marshall County, 
western Kentucky. It consists of two separate log houses under a common roof of hand-split shingles A 
floored passageway between them, the "dog trot,” finds use for various household purposes. This is a rather 
common type of log house m many parts of •file South. 

Nentsi, who inhabit the frozen plains of north- other forest industries are still important, both on 
western Siberia. Again, a favored location with the uplands and in the swamps, often they are 
leference to the sea and access to markets may locally the major economic activities This region 
lead to important commercial and industrial de- has a cutover-land problem comparable m seri- 
velopment, a dense population, and a high degree oiisness to that of deforested areas in the North, 
of urbanization. Thus several types of coastal for here, also, profitable agricultural use of the 
plains might be recognized but, because practical land does not necessarily follow lumbering opera- 
considerations prevent extended consideration of tions. Frequently, indeed, tree crops are the only 
the varied possibilities, discussion will be limited ones which can be growm to advantage, though 
to a statement of some conditions in the Atlantic this is a low-return use of the land In certain por- 
and Gulf Coastal Plain, to which prior references tions, where access to markets, plus favorable soil 
have been made. and climate permit, a garden type of agriculture 

In this paiticular coastal plain, lumbering and may be profitable, for example, in the Norfolk 
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region of Virginia and the tobacco-growing areas 
of both Virginia and the Carolmas. Similarly, the 
production of subtropical crops and fruits be- 
comes important in Florida, but only a small 
fraction of the available acreage can be used 
profitably for these purposes. In hmited areas, 
also, in Florida and along the Gulf Coast, mild 
winters have made possible the development of 
an important winter resort business. In most parts 
of this coastal plain, however, absence of oppor- 
tunity contributes to perpetuate poor living con- 
ditions, this part of the South being a home of the 
‘poor white’' and the “cracker.” 

The Atlantic and Gulf Coastal Plain is not 
highly urbanized, the few cities of any size, 
located at seaboard, serving primarily as outlets 
for the interior. Though seaports, these cities are 
commonly handicapped by poor and shallow har- 
bors, plus the fact that they are often not on main, 
but spur rail lines. Consequently, few are large, 
unless important resort centers such as Miami, 
Florida, or some with good harbors and affording 
the only effective outlet for some product such 
as coal, like Norfolk, Virginia. Thus, from Nor- 
folk to Jacksonville, on the Atlantic coast, there 
are no urban centers with populations in excess 
of 100,000. Similarly, there is none of 100,000 
or more inhabitants between Tampa and New 
Orleans. 

Alluvial Plains. In a normal river valley the 
stream course is bordered by flat land subject to 
inundation at high-water or flood stages. This 
flat land, subject to periodic overflow, is known as 
an “alluvial plain”; remnants of old alluvial plains, 
at higher levels, are known as “river terraces.” 
Plains of this type are narrow along small streams, 
but those which border the lower courses of the 
Mississippi, the Nile, and other large rivers may 
. Hbr'several miles in width. In all cases they are 
formed by river action, being widened by lateral 
cutting where the river swings against the valley 
wall; aggraded or built up vertically by deposi- 
tion during flood stages; and lengthened by delta 
building if the river discharges into some body 
of water. Some of these deltaic deposits, such as 
those of the merged delta of the Rhine, Meuse, 
and Scheldt rivers in the Netherlands, and of the 
great compound delta of the North China Plain, 
are of considerable areal extent and support large 
populations. A corresponding deposit on land is 
known as an “alluvial fan.” If such fans, formed 
at the base of steep slopes, particularly in dry 


areas, are numerous and coalesce, they produce 
an extensive deposit of alluvial material known 
as a “piedmont alluvial plain,” because of its loca- 
tion. An example of such a plain is afforded b} 
the Valley of California, between the Coast 
ranges and the Sierras. In this valley, filled b\ 
wash from the mountains wdiich border it on the 
east and w^est, the Sacramento and San Joaquin 
riv'ers have built alluv iai plains, in places of con- 
siderable areal extent, from reworked material of 
the fans. These plains have been mentioned 
earlier, in Chap. XIX, in connection with dis- 
cussion of the Central Valley pioject. Where allu- 
vial plains border streams which cross a coastal 
plain, the trend of the alluvial deposits is normally 
at right angles to that of the “belted” soils formed 
from the uplifted or exposed marine sediments. 

The surface of an alluvial plain slopes gently 
away from the natural levee, built by greater dep- 
osition wLere overflow^ begins, and thus located 
near the river, towaid the valley walls, bordering 
which swwmps aie of common occurrence. Re- 
lief is slight, the only surface irregularities be- 
ing depressions left by natural rectification or 
straightening of the stream course, and bordering 
crescentic ridges, old natural levees. In a narrow 
belt parallehng the river, and on the scattered 
remnants of old natural levees, soils tend to be 
sandy, such coarse material being dropped near 
the point of overflow^ Farther from the stream, 
and especially near the valley walls, the soils 
are finer in texture and commonly clays, which 
settle from suspension slowly. Except where old, 
badly leached, and highly oxidized, soils of allu- 
vial plains of the larger rivers are commonly not 
only fine textuied and thick, but fertile as well. 
This is because their parent material is largely 
topsoil, high in organic content, derived from 
various sources, and not subject to erosion. The 
word “valley” connotes fertility because of these 
facts, for alluvial plains are associated with val- 
leys like that of the Nile, one of the garden spots 
of the ancient world where Western civilizations 
had their beginnings. The older alluvial deposits 
such as some in the Indo-Gangetic Depression 
of northern India, and of the Po Plain in northern 
Italy, are, however, much less desirable for agri- 
cultural use. 

As a result of topography, drainage, both 
natural and artificial, is away from the rivers 
toward the swamps near the valley walls and, 
from there, roughly parallel to the sti'eam course. 




V' 



Fig. 182. Top: Living conditions, undrained alluvial plain of the Mississippi River. 

Middle: Clearing and house set on posts on a natural levee, undrained alluvial plain of the Mississippi 
River. 

Bottom: Schoolhouse set on posts to avoid flood damage, undrained alluvial plam of tlie Mississippi River. 
School IS in session in August, since roads are under water in the sprmg. 
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until downsti*eam junction with the river becomes 
possible. Subject to danger of periodic inunda- 
tion, unless under levee, such plains aie fre- 
quently too wet when undramed to be used 
effectively for agriculture, even on the sandier, 
higher natural levees which afford the only feasi- 
ble sites for occupation. Therefore much of their 
surface, particularly in the swamps, remains in 
forest. Where undrained, opportunity is limited, 
malaria is often prevalent, population is sparse, 
and hving conditions are poor. The great river 
swamps of the southern United States still remam 
one of the wildest parts of our country, and one 
of the few places where predatory animals still 
exist in considerable numbers. With protection 
from overflow, however, the alluvial plains of our 
larger rivers pass into profitable agricultural use 
in those areas where climate is favorable, often at 
very small costs for reclamation. These over- 
flowed areas comprise the bulk of our potential 
agricultural land capable of profitable reclama- 
tion by drainage, if need for additional land for 
production should arise. 

Before protection from danger of periodic 
overflow, areas under settlement tend to be 
linear in form and confined to the natural levees 
along present stream courses, with scattered oc- 
cupation of similar sandy ridges elsewhere. This 
pattern of distribution is especially marked in the 
Lower Mississippi Valley, where the first settle- 


ment occurred at a very earlv date, with rners 
the highwcus In this aiea, farms iioiit on the 
river and extend back into the s\\ amps, \v ith the 
present-day main highw av located on the natural 
levee, paialleling the ri\er. Subsequent to drain- 
age, this peculiar pattern of occupation may be 
absent except as an inheritance from the past in 
the areas of "‘shoestiing'’ farms to which reference 
has been made. 

All allu\ lal plains are similar in origin, topog- 
raphy, drainage and, to a lesser extent, in soils, 
but they differ from one another in their vegeta- 
tion cover because of variation in climate, and 
they vary correspondingh in potentialities and 
use. In general, they are desnxible areas, with 
agriculture the major economic acti\it\. In the 
past, some w'cre the locations of the earliest of 
civihzations; today, such plains support some of 
the W’orld’s densest populations, for example, 
those of China and India. Vhihin the period of 
history, at least, the most fa\x)red alliuial plains, 
hke those of the Nile, Tigris and Euphrates, 
Ganges, and Yangtze, have been foci of attrac- 
tion, tempting invasion by less fortunately located 
populations. 

Cities located on alluvial plains subject to over- 
flow are faced by certain problems, difficult of 
solution. Danger of flood is ahvavs present. If 
only in part on the plain, w'lth the better resi- 
dence sections on the upland, hca\y grades be- 



Fig. 183. Alluvial plain of the Mississippi River under levee. Only a few miles from the imdrained 
area shown in Fig. 182. All the land is in production, with cotton the major cash crop. 
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tween the two parts of the city are inevitable, 
and danger of inundation still confronts the busi- 
ness and poorer residential areas whenever river 
levels rise above those of the streets. During 
flood stages, water supply is often polluted, it is 
difficult to dispose of sewage; and burial of the 
dead as practiced elsewhere is impossible. At 
all times, satisfactory foundations for office build- 
ings and other heavy construction are difficult to 
secure in the loose, water-filled alluvium. River 
attack on the city site is continuous and so 
damaging at high-water stages that artificial pro- 
tection of the shore line is necessary to prevent 
caving of the river banks and property loss. Fur- 
ther, all great meandering rivers, such as the 
Mississippi, are subject to changes of course which 
may leave a city, formerly on the river, some 
distance from the main stream. This ehmmates 
benefits which may accrue from being located 
on a navigable waterway and necessitates possi- 
ble construction and always maintenance of arti- 
ficial connection with the river channel, unless use 
of the river is to be lost. Though all these problems 
can be met and solved more or less effectively, 
they nevertheless constitute a handicap to cities 
located on alluvial plains. 

Glacial Flains, During comparatively recent 
geological time, the Pleistocene period, north- 
western Europe and northeastern North America 
were covered to great depths by ice movmg out- 
ward from centers of dispersal in the north. (See 
Appendix, Fig. 460.) As these ice sheets ad- 
vanced, they carried with them rock material 
scoured and plucked from areas overridden by 
the continental glaciers, material which was de- 
posited with melting of the ice sheets and retreat 
of their fronts. Lowland regions veneered by 
such deposits, like those of the larger portion of 
the Lake States, are known as "glacial plains.” 

Topography, soils, and land use in these plains 
vary with the character of the deposition. Wher- 
ever the ice sheet halted for long periods of 
time, melting caused accumulation of rock debris 
along its front and the formation of a range of 
hills known as a "terminal moraine” because of 
its location. Such a moraine is hummocky in char- 
acter, with summit levels of the hills differing, 
and with lakes of common occurrence, since 
many of the depressions extend below ground- 
water level. The soils of such moraines may be 
either clay or sand and gravel. Where melting 
was slow, so that only a small amount of water 


ran away fiom the ice front, little or no sorting 
of material occurred. There, the terminal moraine 
is a heterogeneous deposit. In such moraines, 
soils may be productive, but steep slopes and 
numerous boulders, plus the ever-present danger 
of erosion, may interfere with agricultural use of 
the land. Where melting of the ice was more 
rapid, sorting of the deposited material occurred 
and soils are sandy and gravelly. Such soils are 
of low productivity and topography is unfavor- 
able for general farming, but orchards do well 
on the naturally well-drained slopes, and protec- 
tion from frost damage is assured by effective air 
drainage. Therefore they sometimes find use for 
fruit production. 

When the ice halted, during the formation of 
one of these terminal moraines, water ran away 
from its front, often carrying much coarse ma- 
terial in suspension, only to deposit it in the form 
of an outwash plain sloping gently away from 
the terminal moraine, when velocity of flow was 
checked. In general, such deposits are flat, but 
occasionally they may be pitted by minor de- 
pressions in which marshes or shallow, sandy- 
bottomed lakes occur, if the depressions extend 
below ground-water level. Outwash plains are 
topographically suitable for agricultural use, but 
they suffer from poor, sandy soils, not adapted 
to general farming, though locally valuable for 
truck gardening, since they warm rapidly and 
permit early planting. In hmited areas, in the 
small prairies where a grassland cover improved 
soils, agricultural desirabihty is greater. In re- 
gions where these sand plains are not favorably 
located with reference to city markets, and espe- 
cially under a coniferous forest cover, they pose 
a serious problem of land use, probably best 
solved by growing a forest crop. 

Where the ice front retreated rather rapidly, 
deposition left a gently undulating land surface 
known as a "till plain” or "ground moraine,” 
with occasional lakes in shallow depressions. 
Topographically, such plains are well suited for 
cultivation; and soils are of satisfactory textural 
characteristics, as well as generally of high pro- 
ductivity. Except as occasionally stony, or handi- 
capped by climate, they permit profitable agri- 
cultural use, much of the most desirable land of 
the Corn Belt being till plain. 

The deposits left by the ice filled depressions 
and buried valleys with glacial drift, so that the 
present topography and river pattern bear no 




Fig. 184. A glacial plain in St. Joseph County, southern Michigan. The hilly area in the west is ter- 
minal moraine; tlie flat eastern part is outwash plam. Natural drainage is poor e\ery\\here. There is only 
one river, and it has no tributaries in the area mapped. Shallow depressions in both the outwash plam 
and the terminal moraine are occupied by marshes; in the moraine, the deeper pits hold lakes. Widening 
of the river results from damming, not from natural conditions. This is not a good agricultural region, for 
both the outwash plain and the terminal moraine have sandy soils. ( After Three Ri\ ers Quadrangle, U. S. 
Geological Survey.) 


relation, except accidentally, to those of the 
period prior to the ice invasion. The present rivers 
and lakes are, therefore, a development subse- 
quent to retreat of the ice and exposure of the 
land surface. Thus the rivers are young streams, 
with few tributaries. They are likewise often 
interrupted by rapids and falls which interfere 
with navigation, but are valuable for power de- 
velopment. Interstream areas are poorly drained 
in the absence of a number of tributaries ade- 
quate to carry ofiF surplus water. Shallow de- 


pressions are occupied by marshes and swamps, 
or peat bogs; deeper basins, by lakes, for tlie 
processes of filling by sediment and drainage by 
cutting of outlet streams have not progressed far 
as yet. In view of the poor natural drainage, 
ditchmg and tiling are frequently necessary be- 
fore the land can be brought into effective use. 
Therefore many of our present operating drain- 
age projects are in glacial plains areas, as in the 
Lake States. 

Land use in glacial plains may be handicapped 
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Fig. 185 Outwash plain and gravelly terminal moraine in St. Joseph County, southern Michigan. 
The hummocky moraine m the background marks tlie place where the ice front halted As the ice melted and 
the water ran away from its front, it deposited the gently sloping outwash apron in the foreground Much 
of the moraine is still in timbei, but the flatter outwash, though sandy, has passed into agricultural use. 


locally by unfavorable topography and stony 
soils, sometimes to an extent that profitable agri- 
cultural production is difiicult or even impossible. 
Elsewhere, sandy soils may impose a hmitation, 
or drainage may be necessary where natural run- 
off is inadequate. Patchy distribution of land 
forms and soil types likewise often interfere with 
effective agricultural use. Taking all factors into 
consideration, however, it is believed that glacia- 
tion has, in general, been beneficial in glacial 
plains areas. This belief is based on the fact that 
the Driftless Area of southeastern Minnesota, 
southwestern Wisconsin, northeastern Iowa, and 
northwestern Illinois is less productive on the 


average than bordering portions of the glacial 
plains. 

Lacustrine Plains, Lacustrine plains are formed 
by exposure of lake bottoms of considerable areal 
extent. Outstanding examples of such plains in 
this country are afforded by the Red River Valley 
of the Dakotas, Minnesota, and Canada, the 
former bottom of glacial Lake Agassiz, and by the 
partially exposed bottoms of lakes which form- 
erly occupied portions of the present-day Great 
Lakes and their larger bays, toward the close of 
the Pleistocene period. When the continental 
glacier retreated northward, these lakes were 
partially drained by the melting of ice dams 



Fig. 186 A view across Pigeon Prairie, in southern Michigan, on the Chicago Turnpike. In the back- 
ground is the terminal moraine; m the foreground, the outwash plain, here of more than average agricultural 
desirability because of the original grassland cover. Because of its greater promise, this was one of the 
areas of early settlement m southern Michigan. 
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Fig. 187. A prosperous dairy farm in the gently rolling till plain of southern Wisconsin. (Courtesy of 
the Wisconsin Department of Agriculture and Markets.) 


which impounded their waters. In the case of 
glacial Lake Agassiz, which occupied the present 
Red River Valley, the ice banier to the north 
prevented north-flowing drainage from reach- 
ing Hudson Bay, as it does today, so that water 
accumulated in front of the ice dam, covering 
the land until it formed a lake larger than all the 
present-day Great Lakes combined. Eventually, 
its waters rose sufficiently to overflow to the 
south, through the valley of the present-day 
Minnesota River, into the Mississippi. Disappear- 
ance of the ice dam to the north, with ameliora- 
tion of the climate at the close of the Pleistocene, 
allowed resumption of north-flowing drainage, 
thus destroying the lake. Lakes Winnipeg and 
Winnipegosis are its shrunken remnants, in the 

r 


deeper undrained depressions. Some of the 
smaller and less important lacustrine plains were 
formed hy cutting of outlet sti earns, plus possible 
lowering of ground-water level- This was the 
cause of the destruction of Lake Aitken in the 
county of the same name in Minnesota, its former 
bottom today being crossed by the Mississippi 
River, which assisted in its destruction. 

These lakes, in existence for long periods of 
time during the close of the Pleistocene, had 
normal bottom and shore-line features which still 
persist as surface expiession. Since the lake bot- 
tom was flat, the same is true of the lacustrine 
plain, its monotonous surface being interrupted 
only by shallow stream valleys, developed since 
exposure, and by occasional rises repiesenting 



Fig. 188. Exceptionally stony moraine in Sweden. Such land cannot be plowed and is of value only for 


pasture. 



Fig. 189. A portion of the Red River Valley, the former bottom of glacial Lake Agassiz. This is an 
area of slight relief, with only minor surface irregularities introduced by the two beach ridges and a shal- 
low river valley. Natural drainage is poor. Therefore the towns, Norcross and Herman, are located on the 
somewhat higher, sandy, better drained beaches. Roads on the flat lake bottom generally follow section 
lines, but one runs runs diagonally along the Herman Beach, where natural drainage is better. (After Her- 
man Quadrangle, Mmnesota, U, S. Geological Survey. ) 
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sand bars and other depositional forms near, and 
low beach ridges or dunes along the former 
shores. 

Along the old shore Imes, soils are sandy; far- 
ther out on the old lake bottom, they are poorly 
di'ained, heavy clays. The poor natural drainage, 
in combination with a favoring climate, is re- 
sponsible for the extensive deposits of peat which 
cover the eastern portion of the former bottom 
of glacial Lake Agassiz. The sandy soils of the 
old beach ridges and bars are practically value- 
less for agricultm'e, so much so that they remain 
largely uncleared in many areas. The heavier 
soils are generally of only moderate productivity 
for, formed fiom material deposited under water, 
they are often considerably leached. Further, 
even after artificial drainage they dry out slowly 
in the spring, thus delaying planting; in years 
of more than normal rainfall, the slow runoff of 
surface waters is often a serious handicap. The 
better sandy soils of the fossil deltas, which dry 
out and permit early planting, find occasional 
use for truck gardening where they are favorably 
located with reference to urban markets, as in 
some parts of Wayne County, Michigan, adjacent 
to Detroit. 


Early occupation of the larger lacustrine plains, 
before artificial drainage was a\ailal)le, was otten 
difficult Wlieii the frost went out of the ground 
in the sprmg, roads on the clay became bottom- 
less morasses, and almost impassable. For this 
reason, many of the early roads ran diagonally 
across section hnes, along beach ridges, wdiich 
were well drained because of their gi eater ele\a- 
tion and sandy soils. Farmeis likewise located 
their houses and faiimards on these same ridges, 
if available, and similar sites w’eie selected for 
the small villages. Even in a large urban center 
like Detroit, which is located on a lacustrine 
plain, many of the better residential sections of 
the city and its suburbs are on such sand}' ridges, 
partly because of their slightly greater elevation 
and relief. The poor natural drainage makes it 
difficult to construct an adequate sewer s\stem 
in Detroit. Wherever such a system is lacking 
excavations fill with wmter during the spring 
when the ground is saturated, and after heav) 
rains. Even wdiere sew^ers have been installed, 
householders are sometimes subject to the annoy- 
ance of having wmter back up into basements. 
From the foregoing consideration, it is appaient 
that this type of land form, the lacustrine plain. 




Fig 190. Harvesting grain far ont on the former bottom of glacial Lake Agassiz in the Portage Plain 

area, west of Wmnipegf sf uthem Manitoba. The flat surface of the old lake ^^‘"“giirLHond 
tractor hauled binders and otlier mechanized eqmpment possible. (Courtes> of the Canadian jSationaJ 


Railways. ) 



Fig. 191. Topography of the Inner Bluegrass, 7 miles south of Lexington, Kentucky. In this gently 
rolling area vuth productive chocolate-brown silt loam soils, much of the drainage is underground, and sink 
holes, m many of which water stands, are not infrequent. Only the larger rivers, which have cut below 
ground water level, flow at the surface, in gorges of some depth. Occupied before our present system of 
land survey came into use, roads do not follow section Imes nor is their pattern affected materially by 
topographic conditions, their location reflecting convenience for users only. (After Lexington Quadrangle, 
Kentucky, U. S. Geological Survey.) 
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Fig. 192. Top House at Great Crossing, Inner Bluegrass, Scott County, Kentuck)^ Typical of the better 

^^’^oUom%cene on the Paris Pike, Inner Bluegrass, 5 miles from Lexington, Fayette County, Kentucky. 
Typical limestone fence and stock farm. 


affects both agricultural use of the land and the 
pattern of rural and urban occupation. 

De gradational Plains. The four types of plains 
which have so far been considered are formed 
primarily by construction, either by crustal move- 
ment, deposition, or a combination of the two, 
with erosional processes accounting for only 
minor surface features. By contrast, the degrada- 
tional plain is produced by erosional agencies, 
with others responsible for surface detail only. 


Such agencies pioduced the Bluegrass region of 
Kentucky which is, in its major aspect, a truncated 
dome underlain by gently inclined rock layers. 
Where present elevation and relief ai*e largely 
the result of erosional processes, both topography 
and soils vary with tlie character and position of 
the underlying rock and the extent of degiadation. 

In tlie central part of the Bluegrass region, 
commonly known as the ‘Inner Bluegrass'* be- 
cause of its location, the underlying limestones 
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Fig. 193. Top: Typical farm and buildings on Taylors Fork, Eden shale belt, Madison County, Ken- 
tucky The road follows the creek, the steep slope back of the house is in com and tobacco. 

Bottom: A winding ridge road in the Eden shale belt, Pendleton County, Kentucky, 4 miles east of Fal- 
mouth. 


weather into a gently rolling topography charac- 
terized by much subsurface drainage and numer- 
ous sinkholes, many of which hold water, com- 
monly used for watering livestock. Soils, formed 
from residual material derived by disintegration 
of the underlying limestones, are chocolate-brown 
silt loams of high fertility. The environment, with 
favoring surface, soils, and climate, has per- 
mitted highly successful agriculture, with pro- 
duction of corn, tobacco, and hay, associated 
with an important livestock industry, particularly 
the breeding of fine horses. The superior oppor- 
tunity of this area attracted attention at an early 
date, so that settlement began shortly after the 
Ameiican Revolution and occupation was prac- 
tically complete by the close of the century. 


Compact in shape, of considerable size, and cen- 
trally located with reference to the Bluegrass 
region, both mathematically and as regards acces- 
sibility, for roads focus on Lexington, this sub- 
division of the Bluegrass is one of the most 
promising and highly developed areas of the 
South. 

Surrounding this nuclear area is a circular belt 
of variable width, known as the "Eden shale 
belt’’ because of its shape and the fact that it is 
underlam by siliceous or sandy Eden shales. 
These weather into stiff yellow clays and a hilly 
topography, characterized by short, but gener- 
ally steep slopes, which erode badly when de- 
forested and used for growing corn and tobacco, 
the typical crops. Since settled early, and long 
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in agricultural use, erosion is today so seiious 
that one is seldom out of sight of a field httered 
with slabs of shale, in many places the soil has 
been removed completely. Because of dissection, 
roads either follow creeks or wind for miles along 
the ridge tops. In either case, this increases dis- 
tance of travel from place to place. Roads which 
do not accommodate themselves to topography 
are an uninteriupted succession of almost im- 
possibly heavy grades and practically all, irre- 
spective of location, are poor. This subdivision 
of the Bluegrass is handicapped by unfavorable 
topography, inferior soils, and poor roads, these 
limitations finding expression in poor living con- 
ditions. 
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Enciiclmg the Eden shale belt in turn is the 
peripheral or marginal portion oi the Bluegiass, 
a narrow circulai belt only a ieu miles in width 
known as the “Outer Bluegrass.'" Lnderliin by 
limestones, like the Inner Bluegrass, the topog- 
raphy is gently rolling and the soils are produc- 
tive silt loams. These favor the characteiistic 
agricultural use of the land, Handicapped l>y 
extreme attenuation, however, and located be- 
tween two areas of inferior opportunity, the 
Eden shale belt on its inner, and the equally 
poor Knobs area on its outer margin, this siib- 
dmsion is less favored than the Inner Bluegrass, 
and this finds expression in the somewhat less 
attractive cultural landscape. 





Fig 194. Top: One of the better farm homes of the Outer Bluegra 
Bottom: Topography of the Outer Bluegrass. The view shows topping, 
tobacco, the major cash crop of all parts of the Bluegrass Region. 




m 


ELEMENTS OF THE NATURAL ENVIRONMENT 


From this description of a de gradational plain, 
the Bluegrass region, it will be noted that degra- 
dational processes, working on different types of 
rock, produce varying surface forms and soils, 
with the pattern of their distribution determined 
by the position and location of the underlying 
rock exposed by erosion. In the Bluegrass this 
plan developed as a central nuclear area, the 


Inner Bluegrass, surrounded by two concentric 
belts: the Eden shale belt, and the narrow Outer 
Bluegrass. This arrangement resulted from trun- 
cation of a dome, elsewhere it will be different, 
if degradation of some other form of uplift occurs. 
Always, however, this pattern of topography and 
soils, which affects agricultural opportunity, will 
be repeated in the cultural landscape. 


QUESTIONS AND EXERCISES 


1. What is the distinction between highlands and 
lowlands? Name the types of lowlands. What is 
the basis for tins subdivision? 

2. How does population distribution indicate that 
plains present greater opportunity to man than 
do highlands? Under what conditions do popu- 
lation groups locate in highlands? 

3. What is the origin of coastal plains? What is 
meant by the continental shelf^ How much up- 
hft of the ocean bottom would add its surface to 
tliat of the land it adjoins? 

4. State the boundaries of the Atlantic and Gulf 
Coastal Plain of the United States. State some of 
the outstanding facts shown by tlie topographic 
map, Fig. 177. 

5. How is tlie hilly topography shown in Fig. 178 
explained? Is this topography characteristic of 
all parts of the coastal plain of which this area 
is a part? Why are the soils of coastal plains 
commonly sandy? 

6. Describe the drainage conditions and use of 
rivers in coastal plain regions. 

7. Why is abandonment of land and return to for- 
est common in many parts of the Atlantic Coastal 
Plain of the United States? To what special agri- 
cultural uses are some parts of this area devoted? 
Why? 

8. Describe living conditions in the Atlantic and 
Gulf Coastal Plain of the United States. 

9. Describe city development, its basis and handi- 
caps, on the Atlantic and Gulf Coastal Plain of 
the United States. 

10. How are alluvial plains formed? Describe the 
topography, soils, and drainage pattern of such 
plains. In what respects do the two alluvial 
plains shown in Fig. 181 differ? 

11. Describe living conditions on undrained alluvial 
plains. Where is occupation concentrated in such 
areas? Why? 

12 Discuss some of the problems confronting cities 
located on alluvial plains 

13. Hov/ are glacial plains formed^ Plow is the poor 


natural drainage of glacial plains shown by the 
topographic map. Fig. 184? 

14. From what handicaps does agriculture suffei m 
terminal moraine areas^ On outwash plains^ Un- 
der what conditions do terminal moraines afford 
good orchard sites^ Where do outwash plains 
find use for truck gardening^ Why^ 

15. In what respects do the natural conditions of 
till plams generally favor agriculture? What are 
the common handicaps to agricultural use often 
present in glacial plains areas? 

16. How does present-day drainage in glacial plains 
areas differ from that of the preglacial period in 
the same area^ Has this change been beneficial 
in any particular and, if so, how^ 

17. Has glaciation m general been beneficial or det- 
rimental in glacial plains areas? Why^ What is 
meant by the "‘Driftless Area’? Where is it lo- 
cated? How does it compare m desirability with 
adjacent glacial plains areas ^ Why? 

18. What is the origin of lacustrine plams? How did 
the lacustrine plain of the Red River Valley orig- 
inate? That of Aitken County, Minnesota^ 

19 Locate other important lacustrine plams in the 
Lake States. 

20. Describe the topography and soils of a lacus- 
trine plain such as that of the Red River Valley. 
How have topographic conditions affected the 
pattern of occupation shown in Fig 189? 

21. State some of the handicaps in agricultural use 
of lacustrine plains areas. 

22. Name some large cities located on lacustrine 
plains What problems are introduced by such a 
location? 

23. How are degradational plains formed^ Describe 
topographic conditions of the degradational plain 
shown by Fig. 191. 

24. Why does the pattern of surface forms, soils, and 
economic activities of the Bluegrass region take 
the form it does: a nucleus surrounded by con- 
centric belts^ What determines this pattern of 
the subdivision? 
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chapter Twenty-Three 
SURFACE FEATURES: HIGHLANDS 


Highlands. Highlands, both plateaus and 
mountains, are of variable elevation. Some, hke 
the low Ozark plateaus, for example, are of lesser 
elevation than high plains such as the Great 
Plains, though of greater elevation than the plains 
with which they have a common boundary. 
Again, an individual plateau may be either higher 
or lower than some mountain area, though any 
given plateau is normally lower than the moun- 
tains with which it is associated. Thus the dis- 
tinction between plateaus and mountains, hke 
that between highlands and lowlands, must be on 
some basis other than actual elevation. 

In the following consideration of highlands, 
several types will be recognized, but no formal 
classification will be proposed because of the 
seeming impracticability of formulating one ac- 
ceptable to all, or even most, geographers. Those 
considered include: (1) plateaus or “high plains,’^ 
regions of considerable elevation without im- 
portant dissection and therefore with extensive 
tracts where relief is slight; (2) dissected 
plateaus, uplifted portions of the earth’s land 
surface underlain by horizontal or approximately 
horizontal rock layers, but mountainous in ap- 
pearance as a result of extensive dissection; (3) 
glaciated uplands, regions of moderate elevation 
extensively denuded by ice action; and (4) moun- 
tains, areas of considerable to great elevation, in 
which the rock layers have been tilted or folded, 
either simply or complexly, and of marked relief. 

These four subdivisions have certain common 
characteristics differentiating them from low- 
lands or plains. All have greater elevation and 
local relief than adjoining plains. Further, drain- 
age is more rapid than in adjacent lowlands, 
and the generally lower temperatures and 
steeper slopes sometimes limit human occupa- 
tion seriously. Again, communication is com- 


monly more diflBcult, both internally and with 
outside areas, than in bordering regions of lesser 
elevation. In extreme cases, this may lead to 
great isolation and marked retardation, with 
preservation of customs and habits of life, often 
differing considerably in a given highland 
within short horizontal distances, but all long 
abandoned in adjacent lowlands. Because of 
climatic and scenic attraction, highlands as a 
class possess greater recreational possibilities than 
plains areas. In highlands, as well, the processes 
responsible for their formation, particularly in 
mountain areas, produce conditions favorable for 
concentration of metallic minerals in commer- 
cially exploitable deposits, so that mining of such 
deposits often assumes both great relative and 
actual importance. 

In general, however, the characteristics which 
have been enumerated do not indicate great 
opportunity for man. Therefore highland areas, 
except those by relatively slight elevation which 
do not differ markedly from plains, are normally 
sparsely inhabited, with populations concen- 
trated in definite, more favored portions. Further, 
as has been noted previously in connection with 
consideration of plains, such areas are the homes 
of sparser and weaker populations, forced into 
these less desirable parts of the earth’s surface 
by stronger groups which have taken possession 
of the lowlands or plains, where opportimity is 
greater. 

Low Plateaus. Lying to the west of the alluvial 
plain of the Mississippi River and to the east of 
the “Prairie Plains” is a series of low plateaus of 
varying degrees of dissection in southern Mis- 
souri, northern Arkansas, and a small portion of 
northeastern Oklahoma, with a total area of 40,- 
000 square miles. This is known as the “Ozark 
region.” In one of these plateaus, located in west- 
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MILES 

CONTOUK INTERVAL 50 FEET 


Fig 195 Topography of a portion of the Springfield Plain, about 8 miles southwest of Springfield. 
Missouri. The interstxeam areas are flat; only along the shallow valleys of Wilson Creek and its tributaries are 
slopes steep. Therefore roads, shown by single lines, are without heaw grades except as they cross the vai 
leys. (After Springfield Quadrangle, Missouri, U. S. Geological Survey ) 
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ern Missouri, northwestern Arkansas, and north- 
eastern Oklahoma, and known as the “Springfield 
Plain ’ after the Missouri city of the same name, 
dissection is so slight that surface conditions per- 
mit its classification as a “high plain” or plateau, 
as this term is used m this consideration of high- 
lands. 

This low plateau has an area of approximately 
10,000 square miles and an elevation of 1200 
to 1300 feet above sea level. It is undissected, 
except locally, and there to only a limited extent. 
Thus, as a whole, the Springfield Plain is mo- 
notonously flat, except for minor interrupations 
introduced by a few erosional remnants, sink- 
holes distributed linearly above subsurface drain- 
age lines, and a few steep-sided but shallow 
valleys, developed subsequent to uplift. Since 
there are few sti'eams of any size m this region, 
there are no valleys of great depth or width. 

Soils are derived from cherty hmestones by 
residual decay, with limited areas where they 
have been formed by disintegration and altera- 
tion of sandstones and shales. On the areally 
limited steeper slopes bordering the streams, they 
developed under a forest cover, but under prairie 
conditions on the flat interstream areas which 
make up most of the region. In this western 
border country of the Ozark plateaus, therefore, 
soils are fairly good, and much better than for 
the Ozarks as a whole. 

Since most of the area is underlain by impure 
limestones, much of the drainage is underground. 
This IS indicated by numerous sinkholes, in some 
of which water collects. From others, subsurface 
streams appear as large springs or, in them, 
surface streams may disappear to join under- 
ground drainage. In earlier days, the Springfield 
Plain was rather inaccessible and isolated, for 
the dissected country to its east made overland 
approach diflBcult, and large rivers, the highways 
of that period, do not penetrate this area. 

As in many other highland regions, mineral 
wealth is an important asset in this plateau area, 
where zinc ores have long been mined in con- 
siderable quantity, and lead mining is likewise 
important. Nonmetalhc minerals are also present 
and quarrying is an important industry, Carthage 
“marble” being the most widely used building 
stone in Missouri. 

Settled relatively late by comparison with 
most parts of the Ozarks, because of its inaccessi- 
bility and grassland cover, important occupation 


began between 1820 and 1830. By 1823, Spring- 
field, the “Queen City of the Ozaiks,” with a 
rapidly growing piesent population of approxi- 
mately 60,000, had been founded on the margin 
of Kickapoo Prairie, one of the largest bodies of 
good land in the Ozarks. Though the first settle- 
ment was on the timbered margins of the prairies, 
where water, building material, and fuel were 
available, ease of road and rail construction soon 
led to occupation of most of the area and to its 
passage into profitable agricultural use. 

In the counties of the Springfield Plain at 
present, from 78 to 87 per cent of the land surface 
is in farms, most of the land of which is improved 
and under cultivation. Farms are in general of 
moderate size, the average being about 98 acres, 
much smaller than in other parts of the Ozarks, 
where opportunity is less. Climate and land sur- 
face, in conjunction with good soils, permit 
profitable production of the major crops, corn and 
wheat. Of late, orchard and truck-garden produc- 
tion has met with considerable success. Such use 
indicates a highland of more than average oppor- 
tunity. In other plateaus, promise and perfoim- 
ance will vary with location, elevation, climate, 
soils, and other factors but, where elevations are 
considerable, plateaus, in common with other 
highlands, are areas of relatively low desirability 
by comparison with plams. 

High Plateaus. In the “Colorado plateaus” of 
the southwestern United States, many in number 
and all with local names, a vast area of 130,000 
square miles in Arizona, New Mexico, Utah, and 
Colorado, both the physical and cultural environ- 
ments are quite different from those of the Ozark 
plateaus. This is because elevations, varying from 
one plateau to another, range from slightly less 
than 5000 to 11,000 feet or more. Occasionally 
these plateaus are even higher than near-by 
mountain ranges, all have much greater eleva- 
tions than any of the Ozark plateaus. 

Extensive areas of the Colorado plateaus are of 
only moderate relief, as in all plateaus where 
dissection has been relatively slight, except im- 
mediately bordering drainage lines. Even within 
a short distance from the brink of the Grand 
Canyon, therefore, only an apparently boundless 
“plain” stretches to the horizon. But, where 
streams have cut below this level surface, valleys 
are both steep-sided and often very deep. The 
pinnacled mazes of the Grand Canyon of the 
Colorado River in Arizona, over a mile in depth 




Fig. 196. Topography of a part of the Colorado plateaus to the southwest of the Kaihab division, with 
a section of the Grand Canyon of the Colorado Rner in the northwest, and the flat-topped surface of the 
Coconino Plateau in the southwest. To the east, a small erosional remnant known as the Powell Plateau is 
also shown Note the considerable width and the great depth of the can\on at this point, and the fact that 
its nortliern brink is much farther from tlie river tlian tlie southern. This results from the fact that the hea\ ler 
rainfall of the Kaibab Plateau, caused by greater elevation, produces more runoff and more rapid erosion. 
(After Kaibab Quadrangle, Aiizona, U. S. Geological Survey.) 
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m places and bordered by vari-colored walls and have developed to cater to the demands of the 


fantastic erosional remnants, are one of the 
natural wonders of the world. Hundreds of other 
though smaller streams than the Colorado flow in 
similarly beautiful but less well-known and im- 
pressive multicolored trenches, far below the 
general level of the land surface. Because of this 
fact, all interpose obstacles of varying degrees 
of difiiculty to airline travel. 

In these lofty plateaus of the Southwest, 
largely cut ofl from moisture-bearing winds by 
topographic barriers, precipitation is generally 
light. In some places, in fact, the country is true 
desert, for the annual rainfall drops to 5 inches 
or less. This is not true everywhere in the Colo- 
rado plateaus, however, for in some places the 
precipitation is as much as 20 inches or more 
per year, and there desert gives way to park lands 
and forests, some of which would be of con- 
siderable commeicial value except for their in- 
accessibility. The elevation of these plateaus, 
5000 feet or more, is sufficiently great to affect 
both actual temperatures and the diurnal range. 
Cool to cold at night, it may be blisteringly hot 
in the sun in the middle of a summer day, though 
sensible temperatures are generally not intoler- 
ably high because of rapid evaporation in the 
dry air. 

Because of lowered temperatures resulting 
from elevation, the considerable diurnal range 
of temperature, and the generally light rainfall 
of these high plateaus, many crops cannot be 
grown there successfully and agriculture tends 
to be limited to the subsistence type known as 
“floodwater farming,” such as that practiced by 
the Hopi Indians. This type of crop production 
is described in some detail in a later chapter. 
Grazing, some seminomadic in type, and in the 
more favored areas, on a commercial basis, domi- 
nates the economy of much of this region, with 
mining assuming local importance wherever com- 
mercially exploitable occurrences of mineral 
wealth are present. 

As a result of the scenic attraction of the great 
gorges the rivers have cut, the fantastic land 
forms, the beauty of the desert colors, the weird 
types of vegetation, and other factors such as the 
clear, dry air and the high percentage of sun- 
shine, many are attracted to the southwestern 
plateaus as visitors and short-time residents. In 
the “Sunshine Country,” therefore, dude ranches 
and other manifestations of the resort business 


vacation trade. 

The characteristic economic activities of the 
Colorado plateaus, however, based as they are 
on unusual but not favorable combinations of 
topography and climate, indicate a general lack 
of opportunity for man. This is likewise suggested 
by the fact that much of the country is still in 
Indian occupation, the southeastern part of the 
plateaus being known as the “Navajo Country” 
because of its Indian inhabitants, the Navajos. 
Like all high plateaus, these support only a sparse 
population, certainly not equaling 1 per cent of 
that of the United States, though constituting 
nearly 5 per cent of its area. Similar conditions 
of population density are typical in comparable 
high plateaus in other parts of the world. 

Dissected Plateaus. No sharp distinction be- 
tween undissected and dissected plateaus is possi- 
ble, because “dissected” is without quantitative 
value. In a typical undissected plateau, however, 
the major portion of the older, uplifted land sur- 
face persists without marked alteration; in a 
typical dissected plateau, stream action has con- 
verted the formerly flat surface of uplift into a 
maze of winding, narrow-topped ridges, sepa- 
rated by steep-sided valleys, with only a limited 
amount of flat land on their floors. Often the 
topography is so rugged that the region is moun- 
tainous m appearance and commonly referred to 
as a “mountain” area. 

The Kentucky portion of the Cumberland 
Plateau, immediately west of the Appalachian 
Mountains and commonly known as the “Ken- 
tucky Mountains,” affords an example of a plateau 
which has undergone extensive dissection. It is 
to the ridges of this area that the inhabitants and 
writers refer as “mountains,” though there are 
actually only two mountains, Cumberland and 
Pine, and these are overtopped by some of the 
higher ridges of the dissected plateau proper. 
These ridges form a complex network except to 
the southeast, where Cumberland and Pine 
mountains parallel one another in a northeast- 
southwest direction, 10 to 12 miles part. Between 
these two true mountains are the so-called “Black 
Mountains, " irregularly trending ridges and 
spurs, with summit elevations in excess of 4000 
feet, produced by erosional processes in the 
essentially horizontal rock layers of the plateau. 
West of Pine Mountain, comparable but gener- 
ally nameless ridges rise from 200 to 700 feet 



Fig. 197. Dissected plateau topography in the Kentucky Mountains, near Jackson, Breathitt County. In 
this area, dissection has been extensive. Roads follow the creeks; farms are confined to the small amount of 
land on the creek bottoms, ridge tops are much too narrow and tlieir soils are too thin to permit occupa- 
tion. Isolation is from valley to valley; in any given valley the farmhouses are rather close together, (After 
Salyerville Quadrangle, Kentucky, U. S. Geological Survey.) 


above local drainage, decreasing in elevation 
from 2000 feet along the Tennessee boundary to 
1000 feet at the Ohio River. Valleys vary in 
character with the type of underlying rock. On 
the western margin, castellated forms are nu- 
merous and sheer walls make travel from valley 
to valley across the intervening ridges almost 
impossible. Over the greater part of this dissected 
plateau, however, rivers and creeks are bordered 
by alluvial deposits of some width, from which 
the valley walls rise steeply but not precipitously. 

Drainage is to the west, with the slope of the 
plateau, and stream pattern is mature, conform- 
ing to the degree of dissection. On the western 
margin, where the streams have cut through to 
underlying limestones, caves, sinks, and under- 


ground channels have developed, some of the 
smaller creeks which disappear underground be- 
ing known locally as '‘sinking creeks.” Access to 
the plateau from the east is difficult, for only 
one feasible break, the structural depression of 
Cumberland Gap and, a few miles to its west, 
Pine Gap, afford easy approach; from the west, 
penetration, by following up the valleys of west- 
erly flowing streams such as the Licking, Ken- 
tucky, and Cumberland, is less difficult. 

Early settlement of central Kentucky, the Blue- 
grass region, was in large part by an overland 
route through the Kentucky Mountains, by way 
of Cumberland and Pine gaps. Of the settlers 
headed for points to the west by this route, a few 
elected to remain in the mountains. Latex*, settle- 
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Fig. 199. The road goes over a ‘mountain’' in Breathitt County, eastern Kentucky. This is a macadam- 
ized road, one of the better roads which are bemg built today. Note the steep slope in com to the left 
of the road. 
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ment pushed in from the west, up the larger river 
valleys. Always, however, a difficult teirain has 
hampeied movement into and within this dis- 
sected plateau, resulting in isolation of the popu- 
lation and preservation of speech, customs, and 
manners of life of a bygone day, in this “refuge 
area.” Today, rail lines, entering hy structuial 
depressions or by way of the main drainage lines, 
have introduced material alteration in hving 
conditions. 

Most of the settlement is confined to creek 
and river bottoms, which determine the location 
of roads as well; in a few areas, wheie ridge tops 
widen sufficiently to permit limited settlement, 
roads wind along their level crests, except where 
they cross narrow, steep-sided valleys by heavy 
grades. Large famihes for several generations, 
and slight movement out of the area, have forced 
clearing of all level land and its use for growing 
corn, the principal and often the only food ciop. 
Pressure on the land has been so gieat, in fact, 
that many of the rather steep slopes bordering 
the valleys have likewise been cleared and 
plowed, though their productive life under such 
use frequently does not exceed three or four 
years. Soil erosion, induced by this unwise prac- 
tice, is serious throughout the mountains. 

Concentration of a dense agricultural popula- 
tion in this region of limited opportunity has 
enforced low standards of living. Houses are 
commonly of log construction, with roofs of 
shakes or hand-split shingles. If built of lumber, 
they are small, unplastered, and ordinarily un- 
painted. Domestic conveniences are almost un- 
known. Houses are unscreened, water is obtained 
from springs or shallow wells; family washings 
are done out of doors, wherever water can be 
obtained from the deeper pools of the creeks and 
branches. With food inadequate in amount and 
limited in kind, malnutrition is widespread and 
its results are obvious. 

Lumbering, a typical highland industry, was 
formerly important and some timber is still cut, 
but most of the forest wealth has been dissipated. 
Mineral wealth in the form of petroleum and 
coal has likewise afforded opportunity. Most of 
the oil has now been extracted, but the great 
reserve of highgrade bituminous coal still re- 
mains to form the basis for mining as an impor- 
tant occupation in those areas where rail con- 
struction permits exploitation. Scenic beauty, for 
the slopes are still attractive where not cleared 



Fig. 200. A steep slope in com at the head of a 
small 'ko\e” or \ alley This is a complete farm, with 
all buildmgs shown. Perrys County, Kentucky^ Moun- 
tains. 

and eroded, also plavs a small part bv drawing 
tourists and affording support for the permanent 
population, though not to the extent that the 
natural atti'activeness of the area wan ants. It will 
be noted that the economic activities of this 
highland area are those typical of highlands in 
general: (1) limited agiiculture, (2) forest in- 
dustries, (3) mining, and (4) the resort business, 
here of hmited development. 

Other dissected plateaus resemble the Ken- 
tucky Mountains but, in detail, they differ con- 
siderably from one to another because of varying 
elevation, dissection, ease of access, mineral 
wealth, and other environmemtal aspects. 

Glaciated Highlands, The great ice sheets 
which overrode North Amenca during the Glacial 
periods denuded highland areas in which they 
originated and over which they^ spread, removing 
soil and other loose material. Movement of the 
ice also striated, or scratched, both the rock tools 
and the underlying strata; gouged out troughs 
in the bedrock; and even excavated hnear basins 
in the softer layers between the more resistant 
strata, which today stand up as ridges. Loose 
material supplied in this manner was deposited 
to form the various topogi*aphic features of gla- 
cial plains discussed earlier; the highlands them- 
selves were left nearly destitute or stripped bare 
of soil, except in a few depressions. Such has 
been the history of the glaciated upland which 
stretches west from Labrador, north of the St. 
Lavwence River, with minor extensions into the 
United States, one of which, the Arrowhead 
Country of northeastern Minesota, will he de- 
scribed as typical of glaciated uplands. 
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Fig 201, A mountain home, Bell County, eastern Kentucky. The original one-room log house, with but 
a single door and no windows, is at the left; the unpamted, unplastered frame addition at the right, made 
of boards stripped with battens, is of more recent construction. The chimney is built of sandstone slabs, 
laid without mortar The roof is of hand-split shmgles. By contrast with the house, the highway on which it 
fronts, a portion of the old Wilderness Road, is an asphalt pavement, which indicates the change occurring 
in the Kentucky Mountains. Another typical mountain home is shown in Fig. 9. 


Maximum elevations in this area reach 2230 
feet, but the average does not exceed 1300 to 
1400 feet. Therefore this is not a highland of 
great elevation, though on its eastern margin the 
land surface rises abruptly as much as 400 to 
800 feet above the narrow lacustrine plain of 
glacial Lake Duluth. On attaining the general 
level of the upland, much of the surface is rather 
flat, with occasional ridges or ^mountains” of 
hard, resistant rock, rising with steep or even 
vertical slopes to elevations of 400 feet or more 
above the bordering depressions carved in softer 
strata by ice action. Such depressions are often 
occupied by linear lakes with rocky shores and 
numerous islands, or they may accommodate 
drainage lines. This topography results from a 
long erosional history, with ice action responsible 
only for present minor surface irregularities. 

The mineral soils are podzols; flat, poorly 
drained areas are covered by extensive and some- 
times deep deposits of sphagnum peat, the 
swamps, in which the rivers head, imparting a 
brown color to the soft water of the streams. In 
most places, the mineral soils are thin, often to 
the extent that rock exposures occupy much of 
the surface. Where soils appear to exist, inspec- 


tion will often disclose that they are frequently 
composed largely of organic material, so that 
they are destroyed by forest fires. Only in limited 
areas in depressions are soils of sufficient depth 
to tempt clearing for agriculture and, even there, 
they are generally stony; in some places to a 
degree that cultivation is virtually impossible. 
Almost everywhere, indeed, boulders must be 
removed from fields with every plowing. 

Natural drainage is poor; on the flatter up- 
lands, swamp conditions are common. Many of 
the depressions are occupied by lakes, in some 
areas, approximately half the surface is water, 
so that it is possible to travel many miles by 
canoe, with only short portages. Rivers flow in 
rocky gorges in their lower courses; on leaving 
the upland to descend to the Lake Superior level, 
all have one or more falls, in addition to others 
farther upstream. These characteristics of the 
rivers prevented use of most of them for running 
logs in the days when lumbering was important. 

Origmally, this glaciated upland supported a 
valuable coniferous forest, both on the better 
drained land and in the swamps. Today only a 
small fraction of this cover remains, and that in 
inaccessible areas, for it has been destroyed else- 




Fig. 202. Glaciated highland topography, 10 miles southwest of Ely, Minnesota, in the Superior Na- 
tional Forest. This portion of the highland is of slight relief, witli lakes in the deeper depressions, and amp 
conditions common tliroughoiit the flat, poorly drained area. There are no farms and, except for the one load 
which serves a resort of Bear Island Lake, no highways. Tra\ el, except by water, is difficult, evidenced by errors 
in survey shown by section Imes. (After Preliminary Ely Quadrangle, himnesota, U.S. Geological Sur\ey.) 
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where by reckless cutting and disastrous fires 
which accompanied and followed lumbering 
operations. 

Much of the area is still difficult of access, 
except by water. Roads are few in number and 
often poor; in extensive areas, no rail lines pene- 
trate, and none ever has, except logging roads, 
now all abandoned. During the long winter 
months, when the land surface is covered to 
considerable depths by snow, and during the 
spring, when the frost goes out of the ground, 
many of the roads are impassable and communi- 
cation, both internal and with the outside, is 
difficult, away from a few main highways. Under 
this handicap, population remains sparse and 
largely concentrated along the main roads in the 
few areas where conditions, though poor, are bet- 
ter than average, particularly where mineral 
wealth or resort possibilities afford opportunity. 

Population is supported by mining, forest in- 
dustries, limited grazing and agriculture, supple- 
mentary fishing, and the resort business. The 
past geological history of the area has been such 
that one of the most important iron-ore deposits 
of the world, that of the Cuyuna, Mesabi, and 
Vermilion ranges, occurs in limited portions of 
this region. Locally, therefore, the area presents 
temporary opportunity and, where this is true, 
population is fairly dense and compact commun- 


ities of some size exist. Originally the forest 
industry was important, but today the merchant- 
able saw timber is virtually exhausted; cutting 
of pulp wood is practically all that remains; and 
tliis affords employment for only limited num- 
bers. Agriculture hkewise supports few, for cli- 
mate, topogiaphy, soils, and location all conspire 
to prevent profitable production. The major crop 
is hay, the second, far less important, potatoes; 
the acreage of both is small. Limited grazing 
and fishing to supplement other income are occa- 
sionally possible, but such oppportunities are 
not generally available, and the number sup- 
ported in this way is inconsiderable. In common 
with all highland areas, and more than for many, 
this glaciated upland affords recreational oppor- 
tumty. It is a veritable canoeist s and sportsman s 
paradise. Miles of waterways, rivers and lakes, 
offer opportunity for both recreation and sport; 
fishmg is good and game is abundant. The brac- 
ing summer chmate is hkewise an attraction, plus 
the beauty of the rivers and lakes, drawing many 
to the Arrowhead Country each summer. 

Taking all natural advantages into considera- 
tion, this highland area is one of limited oppor- 
tunity, except in restricted tracts where mineral 
deposits occur. Forest wealth is exhausted; agri- 
culture is generally xmprofitable; isolation is often 
considerable. These unfavorable conditions are 



Fig 203 A typical scene in the glaciated upland of Lake County, northeastern Minnesota. In the back- 
ground, IS the 'mountain” of more resistant rock; in the linear depression in the foreground is Lax Lake. Soils, 
though stony, as may be seen m the field in the foreground, are of sufficient thickness here to have tempted 
clearing and attempted agricultural use. Along the lakeshore, hidden by trees, are about 40 cottages, for the re- 
sort asset, here as elsewhere in this glaciated upland, is more important than agriculture. 
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Fig 204. This load of white pine logs is destined for the Cloquet mills, nearly 200 miles distant. Such 
trucking, made necessary by lack of rail lines, is expensive, pre\ enting marketing of all except the best sawlogs. 



Fig. 205 An abandoned farm in Lake County, northeastern Minnesota This farm of 30 acres of cleared 
land was abandoned in 1933 and, though for sale for $75, is still unoccupied Increasing abandonment of 
farms in this area, and accompanying tax delinquency, have raised taxes to the extent that they commonly 
equal 6 per cent of a true sales value. 


not and cannot be offset completely by scenic 
beauty and recreational values. The result is that 
tax delinquency and land abandonment, espe- 
cially off the main highways, have assumed seri- 
ous proportions, virtually bankrupting many of 
the counties. The land is, therefore, gradually but 
surely passing into state and national forest 
ownership. Already, all of Cook County, the east- 


ernmost of the area, lies completely within the 
boundaries of such forests or in Indian Rescr\ a- 
tion, and the same fate awaits many other por- 
tions of this glaciated highland in the near future. 
This is, in itself, an indication that the area lacks 
opportunity, use for a forest crop yielding low 
returns and being desirable only in case land is 
unsmted for some other more profitable use. 




MILES 

CONTOUR INTERVAL 100 FEET 


Fig. 206. Mountain topography in northwestern Colorado, about 30 miles northwest of Denver. Summit 
elevations exceed 12,000 feet and relief is great Roads and rail lines follow valleys, crossing the Continental 
Divide by way of gaps or ^‘passes”, where elevations are lowest The circuitous routes of the rail line and 
of the mam east-west highway, on either side of Rollins Pass at an elevation of 11,680 feet, evidence the 
handicap topography imposes on transportation. (After Central City Quadrangle, U. S. Geological Survey.) 
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Mountains. Mountains are the result of crustal 
deformation which produces elevation, accom- 
panied by tilting or folding of the strata, either 
simple or complex, and often great alteration of 
the rock layers. Generally margmal to ocean 
basins, mountains are sometimes of gi'eat eleva- 
tion, a major uplift of the land surface being 
matched by a corresponding depression of the 
ocean floor, or a ''deep.’' The Tuscarora Deep, 
of 4655 fathoms or 5% miles, off the coast of 
Japan is a depression of this type. 

Though the general pattern of mountain dis- 
tribution results from concentration of uplift in 
definite areas along lines of weakness which 
border the great ocean basins, the detailed sur- 
face features of each mountain area are the result 
of erosional processes and, sometimes, volcanic 
activity, which is often associated with mountain 
formation. This is because of the fact that, no 
sooner does uplift begin than running water, ice, 
and other agents of erosion operate to lower the 
surface differentially, thus producing mountain 
"peaks" such as the Matterhorn of Switzerland 
or, again, volcanic activity may build a great cone 
like that of Fuji, which rises 12,395 feet above 
sea level at the landward end of the peninsula of 
the same name in Japan. Only so long as moun- 
tain uphft continues actively do mountains in- 
crease in height; with its cessation, erosion even- 
tually reduces the uplifted area to one of both 
slight elevation and relief. Thus both very young 
and very old mountains are of relatively slight 
elevation; only during late youth and early ma- 
turity do they rise to considerable heights above 
sea level. 

Mountain uplifts of considerable elevation 
modify the general climate of areas distant from 
them and also cause local variations, related to 
configuration, within the mountain region itself. 
These local variations result from differences in 
elevation and the amounts of heat received by 
slopes of different exposure and valley floors. 
At sufficient elevations, varying with latitude, 
temperatures may be so low diat snow covers the 
ground at all seasons of the year, even at the 
equator. Not only does temperature decrease 
with elevation, but the air also becomes thinner, 
so that normal breathing does not supply suffi- 
cient oxygen to make severe physical exertion 
possible for persons accustomed to living at or 
near sea level. The normal vertical distribution of 
temperature, which introduces zoning of native 


vegetation and cultivated ciops, is lutiimpted 
locally by differences in exposure. Thus a sunlit 
slope is more desiialile than one of the same 
elevation facmc; in such a direction that it is 
shaded much of the time, or that it lecenes only 
rays of the sun which strike \ery obhqiiely and 
therefore have but slight heating pow'er. Sunlit 
slopes may even be more desiralile than shaded 
valley floors, the latter may also suffer from lower 
temperatures caused by drainage of cold air from 
bordering slopes. These local differences may be 
sufficient to obsciiie in considerable part the 
effects of tempeuituie decrease associated with 



Fig. 207. A heavy grade on the Canadian Pacific 
Bailroad, near Field, British Columbia. Following up 
die valley of a small stream, a tnbutar}' of the Bow 
Biver, tlie train is about to enter a spiral tunnel 
dirough the ridge dividing the drainage basins of the 
Bow and Columbia rners. Note the two locomotives 
necessary to pull the tram. In the background is Mt. 
Stephen^ one of the majestic peaks ol the Canadian 
Selkirks. ( Courtesy of tlie Canadian Pacific Bailroad. ) 
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elevation. Local topographic conditions within 
a given mountain area hkewise affect the amount 
of precipitation, neighboring slopes often receiv- 
ing quite different amounts, varying with their 
relationship to the direction of the prevailing 
winds. Thus the -windward or western slopes of 
the Sierras receive 50 or more inches of rainfall, 
as tile warm, moisture-laden air expands and is 
cooled in rising over the barrier. Once over the 
summit elevations, the air descends and, on de- 
scendmg, is compressed by the weight of the 
overlying air and thereby warmed, so that its 
capacity for holding moisture increases and rain- 
fall is hght, generaUy less than 5 inches in the 
Great Basin region in the "rain shadow” of the 
Sierras. Within mountain areas everywhere these 
same differences in precipitation may be noted; 
windward slopes being relatively well watered 
and sometimes forested; lee slopes, where the 

Fig. 209. A scene in the Canadian Selkirks, 
which offer some of the grandest mountain scenery 
in the world At the left, m the background, is the 
pyramidal mass of Mount Sir Donald, at the right, a 
glacier issuing from its ‘^cirque” or collecting basin; 
in the foreground is a mountain valley with its ice- 
fed stream. (Courtesy of the Canadian Pacific Bail- 


SURFACE FEATURES- HIGHLANDS 28T 



Fig. 210 Crater Lake, Oregon, easily accessible from Medford by an excellent road From 5 to 6 miles 
in diameter, the lake is nearly 2000 feet deep, with shores which rise steeply from 900 to 2200 feet abov e its 
blue waters This depression is a caldera, or the crater of an extinct \ olcano, in which \\’i7ard Island at the 
right is a small cone built subsequent to extinction of tlie great \ olcano in the crater of which the lake now 
occurs. (Courtesy of the U. S. Department of tlie Interior.) 


capacity of the air for holding water is increasing, 
being drier and often desertlike in character. 

In the tropics, a relatively slight elevation im- 
proves conditions materially from the standpoint 
of man. For example, at an elevation of 6000 feet 
the average temperature may be 70° F. and daily 
range considerable, whereas adjacent lowlands 
near sea level swelter at 90° F., with but small 
change from day to night, often associated with 
high humidity. Thus temperature conditions of 
the Andean plateaus are much better than those 
of the Amazonian lowlands, and Quito and La 
Paz, at elevations of 9000 feet or more, are health- 
ful, whereas the near-by lowlands are hot and 
disease-ridden. It should not be understood, 
however, that the lower temperatures of tropical 
highlands ensure a climate similar to that of 
higher latitudes with comparable temperatures. 
Moreover, in higher intermediate latitudes, even 
minor elevations may produce decrease in oppor- 
tunity or, in some cases, cause an area to be 
uninhabitable. 


In mountain regions, roads and rail lines follow 
natural depressions or valleys, crossing divides at 
low spots in the ridges separating diamage basins. 
Generally circuitous, thus increasing distances 
and costs of transportation, grades of these roads 
and railroads are heavy on either side of the 
passes. This decreases the load possible, slows 
traflBc, and increases the cost of moving freight. 
Sparse population and lack of sufficient freight 
to be moved often make adequate road and rail 
construction economically impossible, causing 
dependence in part upon primitive transporta- 
tion by pack animals. This likewise hampers 
development. 

Mountains affect distribution of population 
and pattern and type of land use, both vertical 
and horizontal, because topogiaphy restiicts 
effective occupation to limited areas and vertical 
temperature gradients, plus temperature and pre- 
cipitation variations related to exposure, cause 
marked differences in opportunity. Wrtically, 
this differentiation in opportunity in mountains 
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Fig. 211 Left: Yosemite Falls, Yosemite National Park, California The Yosemite Valley is 4000 feet 
above sea level, 7 miles in length and from Yz to 1 mile in width. It is generally assumed to be of glacial 
origin: a great trough carved by ice action. Several streams, flowing over the chjfs which border it, develop 
falls, one of the most remarkable being Yosemite Falls, 2600 feet in height. This spectacular valley, with its 
sheer walls, is visited each year by thousands of persons attracted by its scenic beauty. ( Courtesy of the U S. 
Department of the Interior. ) 

Right: Lower Falls and Grand Canyon of the Yellowstone River, Yellowstone National Park The Falls are 
caused by a resistant rock layer which crosses the river. Erosion downstream from the resistant layer is rapid. 
This has produced the canyon with its varicolored walls : bright orange, yellow, red, and purple In all, this 
canyon is 24 miles long and from 600 to 1200 feet deep. Upstream and at the Falls, erosion is checked by the 
hard ledge over which the water drops 308 feet as a solid sheet to produce one of the most beautiful sights 
in this country. This spot is visited each summer by thousands of tourists, foi whom the Park Service provides 
excellent accommodations of various types. (Courtesy of the U. S. Department of the Interior.) 
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is somewhat the equivalent of the horizontal over 
extensive plains aieas. Thus, whereas the popu- 
lation of plains tends to be distributed uniformly, 
except for urban concentration, by contrast, 
rugged mountain surfaces confine most of the in- 
habitants to a few favored spots. Therefore major 
agglomerations are along the main river valleys 
served by highways, and important urban aggre- 
gations are located at the foci of these same fines 
of travel and transportation. Except locally, and 
in small areas, relatively limited potentialities 
make mountain regions inferior in the opportun- 
ity they afford. 

In the lower latitudes, except for escape from 
lowlands during the hot season, as from Delhi 
to Simla in India, there is but little or none of 
the seasonal vertical shift of activities made 
necessary in higher latitudes by annual ranges 
of temperature which prohibit winter use of 
the higher slopes. During the warmer months 
of high latitudes, however, various economic ac- 
tivities may be carried on coincidentally by the 
same population group at different levels, much 
as nearer the equator throughout the year: crop 
production in valleys at lower elevations, graz- 
ing of flocks and herds, and manufacture of dairy 
pioducts on summer pastures of higher, ice-free 
slopes. This distribution of economic activities is 
characteristic in the Swiss Alps. 

Mountains, in common with other highlands, 


afford recreational possibilities and, because of 
their greater ele\ation and relief, in gi cater de- 
gree than average. This explains, in part, wli\ so 
many of our national parks are in mouiitaiii 
regions. Though such areas enjoy greater popu- 
larity during the summer, winter sports have of 
late attracted increasing numbers. 

Mountains not only affect populations which 
five within their borders, but they max’ also either 
protect or handicap other groups outside their 
hmits, for they always obstiiict movement. The 
ranges of the Himalayas, for example, ha\e al- 
ways pi evented imasion of India from the north, 
only from the northwest, where the mountaius 
break dowm and comparatix ely low* passes exist, 
is it possible to enter the Iiido-Gangetic De- 
pression without great difficult). Hence all in- 
vasions of the past have come irom this direction. 
Similarly, the fact that Africa is often said to 
begin at the PxTenees indicates the comparative 
importance of the Pyienees and the Strait of 
Gibraltar as barriers, and emphasizes the im- 
portance of the mountains. Whether a gixen 
mountain barrier is effective depends on its 
height, its width, and the number and elexation 
of its passes. The Himalayas are effective, for 
they are high, and their passes are both fexv m 
number and at great elevations. Hence this barrier 
has played an important part in the life of the 
population and in the history of India. 


QUESTIONS AND EXERCISES 


1. Name the subdivisions of highlands and state 
their common characteristics. 

2. What relation does the Springfield Plain bear 
to the Ozark region? How does it differ from 
many other parts of this region? 

3. Describe the topography, soils, and drainage of 
the Springfield Plain. 

4. Why was the Springfield Plain settled relatively 
late? What is the character of the present oc- 
cupation of the area? 

5. How does the Springfield Plain compare in de- 
sirability with other parts of the Ozarks? Why^ 

6. What are the surface elevations of the part of 
the Colorado plateaus shown by Fig. 196^ How 
do these compare with those of the Springfield 
Plain, Fig. 195? 

7. What IS the character of the river valleys of the 
Colorado plateaus? How do such valleys affect 
the accessibility of the area? Why^ 

8. Why is the precipitation of the Colorado pla- 
teaus generally light, but variable in amount 


from place to place^ Between what limits does 
it \ ary^ How^ does tins variation affect the types 
of \egetation^ 

9. Name tlie economic activities of the Colorado 
plateaus. How are they affected by topographic 
and climatic conditions? What is meant by 
‘Toodwater farming”? 

10. State some facts which indicate that high pla- 
teaus such as those of southwestern United 
States are areas of limited opportunity for 
man. 

11. How large a population do the Colorado pla- 
teaus support^ What is the character of this 
population? Wliv is so much of their area Indian 
countT)"? What Indian tribes make their homes 
m this area? 

12. What is the distinction between dissected and 
undissected plateaus? 

13. Describe the elevation, topography, and drain- 
age of the Kentucky Mountains, a dissected 
plateau. 
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14. Describe the settlement of the Kentucky Moun- 
tains To what areas is human occupation con- 
fined^ Why^ 

15. Discuss living conditions and the economic ac- 
tivities of the Kentucky Mountains, both past 
and present. 

16. Where did the great ice sheets of the Glacial 
periods originate^ What areas did they cover in 
North America? 

17. Why IS there so little soil in glaciated uplands^ 
What IS tlie character of tlie soil in such 
areas^ 

18. Describe the drainage of glaciated uplands. 

19. What economic activities serve to support man 
in glaciated uplands^ Why is agriculture rela- 
tively unimportant in such areas? Wliat are 
typical crops ^ 

20. What mineral resource is important in the gla- 
ciated upland of northeastern Minnesota^ In 
what ‘Tanges'’ does it occur^ 

21. What are the best uses for the larger part of 
glaciated uplands? 


22. How are mountains formed^ In what funda- 
mental respects do they differ from plateaus^ 

23. What is a “deep”? What relationship does it 
bear to a mountain uplift^ 

24. Why may a sunlit slope in a mountain area be 
preferable to the flatter land of a valley floor for 
agricultural use^ Why may the agricultural de- 
sirability of areas vary greatly within short dis- 
tances in mountain regions? 

25. Why IS physical exertion difficult at great eleva- 
tions? 

26. Compare and explain the difference in precipi- 
tation on the west slopes of tlie Sierras and in 
the Great Basin to their east. What is meant by 
the term “rain shadow”? 

27. Describe the pattern of population, including 
urban location, in mountain areas. Wliat is the 
basis for this pattern^ 

28. What determines tlie effectiveness of a moun- 
tain barrier^ Name some effective mountain bar- 
riers Why are the Himalayas so effective as a 
barrier? 
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Chapter Twentij-Four 

MINERALS 


Early Man and Minerals. Mans first use of 
minerals long antedates the period of written his- 
toiy. The stoiy of then earliest use must, m fact, 
be deciphered from the record left in gravels 
and other deposits of the time when human be- 
ings shared the earth with the mammoth and the 
wooly-haired ihmoceros, for the earliest known 
tools and weapons made by man are found buried 
with the bones of these animals. 

These earliest implements were generally made 
of flint, which occurs as nodules of high purity in 
certain beds of chalk but, where fiknt was not 
available, other minerals such as chert, obsidian, 
chalcedony, and quartzite were sometimes used. 
Many of the first “flints,” or stone tools made 
by man during this very early or Paleolithic 
period, were so crude that they closely resemble 
the flakes produced by natural agencies such as 
frost action. 

Somewhat later, during the Neolithic period, 
though still long before the time of written his- 
tory, these stone implements were improved by 
secondary flaking, grinding, polishing, and pierc- 
ing. Manufacture v/as slow, pohshing was by 
rubbing on stone; drilhng w^as by hand, wath use 
of abrasive sands. A man might spend the leisure 
of a lifetime in perfecting one tool, and not a 
very good one at that. Implements by this time 
also assumed a greater variety of foims and a 
greater degree of specialization, so that their 
exact uses are easily recognizable, not always 
possible wdth the earliest flints of the Paleolitliic 
period. In many cases, indeed, they were superior 
to those made by primitive populations of recent 
times. Such were the tools and w^eapons of man 
during the Stone Age, when his dependence on 
minerals was limited to use of nonmetallic flint 
or some other mineral with a similar fracture, 
which permitted chipping. 


These Neohtliic implements are often found 
on the sm'face of the ground or just iindei it, as 
well as somewhat moie deeply bulled on the 
foimer sites of dwelliiigs and in tumuli or buiiai 
mounds. Though relatneh common, being ire- 
quently imco\eied b\ plowing oi excavation, 
their oiigin and sigiuficaucc weie long unknown. 
For example, in Scotland the stone hammers 
w ere popularly know n as “Purgatory Hammers,” 
supposed to have been buried with the dead to 
enable them “to knock at the doors of Purgatory 
until the heavenh’ jamtoi appeared”, the airows 
w*ere thought to be “elf darts used by the tallies.” 

Bronze and lis Early Use by Man. Early man 
piobably knew copper and its propertv of malle- 
ability, wdiich fitted it for easy shaping, long 
before he discarded the use of stone implements, 
for it occurs pure in nature. Nev’ertheless, he 
made only slight use of tins knowledge because 
the softness of the metal made it unsuited for 
most of his needs. At some unknown but rela- 
tively recent time, how cv’er, he discov ered, prob- 
ably accidentally, that if alloved with tin it 
became haidei and could be cast. Further, this 
alloy of copper and tin, or bronze, possessed the 
advantage that, if made into a cutting tool such 
as an axe, it could be hammered cold and thus 
sharpened if it became dulled in use. Exactly 
w^here man first acquired this knowledge of 
bronze is uncertain, though it is known that its 
use, introduced into Europe from some other 
area, wns common in that continent fiom about 
2000 B C. to 800 B.C., a period sometimes known 
as the “Bronze Age.” 

Because bionze requires both copper and tin, 
metals wiiich are not found everywhere, and in 
few places close together, its manufacture and 
use must have been lestncted to very limited 
areas, as long as man wns dependent entirely on 
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local resources to satisfy all his needs. A rudi- 
mentary commerce must therefore be assumed 
befoie use of bionze became general and wide- 
spread This serves to illustrate how exchange of 
commodities and ideas makes for progress and 
raises standards of living. 

Early Use of Iron by Man. Of all the valuable 
metals of the earth's crust, the cheapest, and 
next to aluminum the most abundant, is non. 
Fortunately, it is also the most useful of them 
all and perhaps the most indispensable of all 
substances used by man, except the air he 
breathes, the water he drinks, and the food he 
eats. Iron owes its importance in part to its 
abundance and wide distribution but, in even 
greater degree, to its varied values and properties. 
Thus it IS hard in files, soft in horseshoe nails; 
brittle when cast, malleable and ductile when 
wrought; springy, or without resihence; and 
magnetic or nonmagnetic. It is the '‘Proteus of 
metals.” This is why it has no adequate sub- 
stitute. 

When and where iron first attracted the atten- 
tion of man will never be known, though this 
probably occurred when its ore was accidentally 
heated in some prehistoric wood fire, with the 
result that a black mass of the metal was later 
found in the ashes. Certain it is that manufacture 
of iron, even by semisavage tribes, has been 
widely distributed for ages and that there has 
been no civilization with a written record that 
has not made some use of the metal. Some believe 
that knowledge of iron and its use extends back 
to 4000 B.C. in Egypt, Assyria, and China, but 
this is not certain. 

In Egypt, though known, rare, and valuable, 
it was apparently considered "impure,” since it 
was not used for religious purposes. The early 
Hebrews were certainly acquainted with iron, 
for Tubal-cain, of the seventh generation after 
Adam, is described in Genesis iv:22 as “an in- 
structor of every artificer in brass and iron.” It 
was apparently rare and costly among the Jews, 
as elsewhere. Thus the iron bed of Og, king of 
Bashan, mentioned in Deuteronomy iii.ll, was 
obviously consideied equally as valuable and 
unusual as the couches of pure gold, which were 
not unknown among the princes of that time. 
The early Greeks likewise knew iron as rare and 
precious, for it is noted that Alexander “took 
plunder of iron” in India. It was also familiar to 
the Romans and likewise to the Carthaginians, 


who used steel swords of Spanish manufacture in 
the battle of Cannae m 216 B.C. By, or even 
before the Roman conquest, its use had spread 
to the British Isles and throughout much of north- 
western Europe. Despite this widespread knowl- 
edge of the metal, it remained scarce and high in 
price, for smelting methods were crude and did 
not improve materially for hundreds of years, or 
until invention of the modern blast furnace about 
1340 A.D. It should not be inferred, however, 
that iron secured by the early methods was poor, 
or that it did not make good steels. Witness the 
celebrated Damascus blades as evidence to the 
contrary. 

Wrought iron, the first kind obtained, is both 
relatively soft and malleable, which fits it for only 
limited use. For many purposes, indeed, hard 
bronze is superior. Therefore iron did not come 
into its own and the Iron Age become a reality 
until steel, nearly pure iron made by fusion proc- 
esses and having various properties dependent 
on the percentage of carbon remaining, was 
known. Therefore the important question is: who 
were the originators of steel, which has made 
modern Western civilization possible? This ques- 
tion is likewise impossible of certain answer, 
partly because early steel workers, popularly 
regarded as sorcerers in league with evil spirits, 
a belief encouraged by the workers themselves, 
guarded both the processes and the history of 
manufacture. Even as learned a man as Pliny 
did not know its history, though he knew many 
makers of steel. 

The oldest direct information known concern- 
ing its employment and working is found in 
I Samuel xiii.22, where shares, coulters, axes, 
mattocks, and files are mentioned, by inference, 
of steel. Similarly, the scythes attached to the 
axles of the war chariots mentioned in Joshua 
xvii:18, and in Judges i*19 and iv:3, must have 
been made of steel. Though uncertain, it is 
probable that this knowledge of steel came to the 
Jews from Crete, where wrought iron was prob- 
ably known at least as early as 2500 B.C., and 
steel, by 1800-1600 B C. This knowledge was 
brought to Palestine by invasion about 1300 B.C. 

Relation of Use of Stone, Bronze, and Iron. 
Though the Stone Age preceded the Bronze Age, 
to be in turn succeeded by the Iron Age, these 
ages do not have definite chronological values, 
even locally, for there were long periods during 
which both stone and bronze and, later, bronze 
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and iron were in use in tlie same area, displace- weathering has been active for a long period of 


ments being gradual everywheie. Further, at all 
periods, even the piesent, different stages of de- 
velopment have existed contemporaneously. 
Again, certain population groups have passed 
directly fiom the Stone to the Iron Age, without 
at any time using bronze implements. Thus the 
importance, both actual and lelative, of certain 
mineral resources has varied, not only with time, 
but from population group to population group 
at a definite time. 

Iron and Civilized Man. Our present civiliza- 
tion is based on iron. It is employed in both the 
machines which manufacture and the products 
manufactured. Without it, modern systems of 
transportation would be impossible. It is used in 
construction; making our clothing; growing, 
handling, and packaging our food; in supplying 
our water. Only the air we breathe may be se- 
cured without its use, though even this is not 
always true. 

Iron Ores. Metallic or pure iron is seldom found 
in nature; rather it occurs in combination with 
oxygen, forming an oxide; or with oxygen and 
carbon, in the form of a carbonate. In some cases, 
the oxide is hydrated, or contains chemically 
combined water. The most important iron ores 
are the red or gray oxide, hematite; the black 
oxide, magnetite; the brown hydrous oxide, 
limonite; and the carbonate, siderite. Even these 
seldom occur pure and sometimes the impurity, 
commonly silica or phosphorus, is objectionable. 
By contrast, if lime, its presence may be advan- 
tageous, for lime is used m smelting iron ores. 

Though iron ores such as those of the Kiruna 
district in Sweden, and some in the Adirondacks 
in New York, were the result of segregation ac- 
companying the cooling of molten rock, many 
are of sedimentary origin. These latter were 
formed where weathered iron, carried in solution 
to the sea, was concentrated in considerable 
amounts. Similar deposits, known as "Tog ores,” 
are formed in fresh-water lakes and swamps. 
In some cases, the percentage of iron ore in the 
original deposit was later increased by removal 
of accompanying soluble material, subsequent 
to uplift and exposure of the marine sediments. 
The developed ore bodies of the southern Appa- 
lachians have been but slightly altered in this 
manner. The Lake Superior ores, by contrast, 
have been greatly enriched, for the area where 
they occur is a very old land surface, and 


time. Under favorable conditions, weathering 
of certain types of rock may also produce work- 
able deposits of “lateritic” ores, such as those of 
eastern Cuba. High-grade iron ores, which can 
be mined advantageously, contain 50 to 65 per 
cent metallic iron; if the iron content falls below 
30 to 35 per cent, development today under 
average conditions is uneconomic. In the United 
States, little is mined with an iron content of less 
than 50 per cent. 

To be of value, a deposit of iron ore must not 
only be of sufficient size, high grade, and rela- 
tively free from objectionable impurities, but it 
must also lend itself to mining at low cost and 
be accessible to a market, normally one where 
coal is available, where demand for iron exists. 
Few deposits meet all these requirements. Hence, 
despite the fact that iron is one of the most 
abundant of metals, many areas lack workable 
deposits of its ores. In these days of an industrial 
development based on iron and steel, this lack 
is a great handicap, particularly in times of na- 
tional emergencies such as war. 

The principal ore bodies which meet the re- 
quirements necessary to make them of commer- 
cial importance today are found in the southern 
Appalachians and the Lake Superior region in 
the United States, in the Lake Superior region 
of Canada and in Newfoundland, in Cuba; in 
central Chile in South America; in Great Britain, 
Sweden, the U.S.S.R., Germany, France, and 
Spam in Europe. Others of less importance, but 
of value to Japan, occur in China, particularly in 
Manchuria, North China, and the Yangtze Val- 
ley, and in Malaysia. In addition, there are other 
deposits, some of large amounts of high-grade 
ores, of only limited present but great potential 
importance, especially those of Labrador, eastern 
Brazil, and northeastern India. AU of these are 
shown in Fig. 212. 

Iron Ores of the United States. The iron-ore 
reserves of the United States are both enormous 
and well located, and this country leads the world 
in production. Discontinuous belts of hematite, 
occmTing in the folded beds of the Appalachians 
from New York to Alabama, have been worked 
since the Colonial period. These ores are mostly 
of low grade; on the other hand, their occurrence 
in association with both coal and limestone has 
led to their present extensive development in the 
Birmingham, Alabama, area. Other deposits of 
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possible future importance are known, both in the 
interior and the western states, and some of these 
have been worked recently, but then futuie in 
more normal times is uncertain. The most im- 
portant deposits of all, however, aie those of the 
glaciated highland of the Upper Peninsula of 
Michigan, northern Wisconsin, and particulaily 
northeastern Minnesota. Unfortunately, these re- 
serves have been depleted seriously during the 
past few years. 

These Lake Superior ores occur in very old 
crystalline rocks. Of enoimous size, many of the 
occurrences are so near the surface that they can 
be worked by steam shovel. Even where strip or 
open-pit mining is impossible, shafts do not have 
to be sunk to great depths to reach the ore bodies. 
Not only are the deposits extensive, but the ores 
are high grade, with an average iron content of 
about 55 per cent, and impurities are not normally 
present in objectionable amounts. Enormous re- 
serves of lesser desirability also occur here, in 
addition to those of high grade, many of these 
inferior ores being more desirable than some 
mined and used today in Europe. These are the 
most valuable iron-ore deposits in the woild. 
Only a short distance from Lake Superior, they 
move by gravity haul to the ports of the Upper 
Lakes, particularly Duluth, and from there by 
cheap water transportation to the ports of the 
Lower Lakes and to the smelters in and on the 
margins of the great eastern coal fields. This is 
a fortunate combination of conditions matched 
nowhere else in the world. 

Coal. Coal is preserved, altered plant material, 
deposited under swamp conditions which pre- 
vented decay, and covered by sediments. The 
several types of coal result from varying degrees 
of compression and alteration of the parent ma- 
terial from which they are derived. Originally, 
the organic material was deposited in horizontal 
or approximately horizontal beds, and this is still 
the position of the coal seams in many of the 
great coal fields of the world. In others, displace- 
ment of the strata, in the process of uphft asso- 
ciated with mountain formation, has tilted or 
sometimes folded the beds and at the same time 
altered the chaiacter of both the rock layers and 
the coal. Individual seams within coal fields are 
generally of limited extent, as were the swamps 
in which the organic material was deposited, but 
even so the coal field has contmuity, for swamp 
conditions varied in location at different periods 


oi time and vertical Icxcls of the older Lind sur- 
face. Foi this iLasom the shaft of a euai mine 
ma\ pass thioudi sewial bids oi coah some tluii 
aiid some thick, sepaiaiec! b\ sedmieiits, toda\ 
solid rock. 

Coal iorniation occiiired dm mg \ arious periods 
of geological tune, but not dm mg the earliest, 
for plant life vas not then suffieienth abuiidant. 
Appaieiitlv eoiiditioiis weie e\tremel\ facorable 
dm mg the so-called “Caibomferoiis period,” the 
latter pait of the Paleozoic eia, for it was then 
that most of the iinportaiit deposits of coal 
originated. Coals of tlie earlier periods, though 
known, are limited in quantity, those of later 
origin are generally of lower giade, or less de- 
sirable ill quality. 

In general, the c|uallty of the coal \arics with 
its asfe and the amoimt of ehaiiize the oi^anic 
material has iindeigone. If it is relatively young 
mid change has been slight, the coal will be a 
lignite; by additional alteration, bituminous or 
soft coals of vai\ mg degrees of desirability are 
formed. Some of these, the so-called “coking 
coals,” are suitable for pioductioii oi inctalkng- 
ical coke, used in the smelting of iron ores. 
Others, with a higher \ olatile or gaseous content, 
or with objectionable impurities such as sulphur, 
are suitable only for domestic and industrial heat- 
ing and power development. In mountain areas, 
coal seams have been subjected to both enormous 
pressure and heat, in connection with tilting and 
folding of the strata accompanying mountain 
formation. This metamorphoses or alters the coal, 
causing loss of volatile constituents and some- 
times a change to anthracite or hard coal. It will 
be noted that the type of coal is related to that 
of the landform in the area of its occurrence, 
coals of plains and plateaus ranging from lig- 
nites to bituminous; of mountain areas, from 
bituminous to anthracite. 

The ease with which coal can be mined de- 
pends upon the location of the seams, the position 
and character of the rock and coal layers, and the 
degree of surface dissection. Where near the sur- 
face, it may be possible to remove the few'- feet 
of overburden and practice “strip-mining,” or 
“open-pit” operations. When the coal seams are 
deeply buried, how’e-v^er, shafts, sometimes of 
considerable depth, are necessary. This is often 
the condition in plain and plateau areas, except 
as die latter are dissected by stream action, in 
which case die outcropping coal can be mined by 
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Fig, 213. A. Occurrence of coal and a coal mine in a glacial plain. 

B. Occurrence of coal and a coal mine in a dissected plateau. 
C Occurrence of coal and a coal mme in a mountam area. 


horizontal shafts into the hillsides. Coal seams 
in the folded strata of mountains vary greatly 
in accessibility. Where erosion has locally ex- 
posed the coal, it can be mined without difficulty; 
elsewhere, the steeply dipping beds are difficult 
to work and, in some instances, they are so badly 
shattered and interrupted by faulting, or slip- 
ping of the strata, that profitable mining opera- 
tions are impossible. 

Coal Resources of the World. Coal is very un- 
evenly distributed, with the bulk of the resource 
concentrated in central and eastern North 
America, eastern Asia, northwestern Europe, and 
Australia. Coal being the principal source of 
power, and used in the smelting of iron ores, 
these areas are naturally favored. Our own con- 
tinent, and particularly our own country, is the 
most fortunate of all, with North America having 
reserves of more than 5 trillions of tons, or nearly 
five-sevenths of the world's total supply. Nearly 
80 per cent of this tonnage, and the bulk of the 


high-grade coals, are in the United States, which 
not only leads the world in reserves but in pro- 
duction as well. In addition, the fields of the 
United States are widely distributed, though not 
all areas are equally well supplied with the better 
grades of coal. (See Fig. 215.) 

Though present production is small, Asia 
ranks second only to North America in coal re- 
serves, mostly in China, which possibly ranks 
third among the countries of the world in coal 
resources. Other Asiatic countries are not so 
fortunate. Japan, for example, has only small 
reserves, with most of the coal noncoking and 
impossible of effective use for smelting iron ores, 
which forces importation frorp the Asiatic main- 
land. Australia’s reserves rank next to Europe’s, 
but they are small, though the most important 
in the Southern Hemisphere, which is poor in 
coal. Africa is still less fortunate, with most of the 
small production in the southern part of the 
continent. South America is the least favored of 
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all the continents, with less than 1 per cent of 
the reserves of North Ameiica, and with valu- 
able occurrences confined to southern Brazil, the 
Peruvian Andes, and central Chile, in all of which 
areas production is small. 

Distribution of Coal and Iron Dies, It should 
be noted that few aieas are foitunate enough to 
have both coal and non ores in satisfactory 
quantity, quality, and location. China has enor- 
mous reserves of coal, but little iron ore; India, 
large non-ore reserves, but little coal, Japan has 
adequate reserves of neither. In the Southern 
Hemisphere, the enormous tonnage of iron ore 
in eastern Brazil, the only iron-ore occurrence 
of great importance south of the equator, can- 
not be smelted to advantage because of lack of 
coal. The same is true for that of Chile. Only in 
areas bordering the North Atlantic, and not 
everywhere there, are both coal of satisfactory 
quality and high-grade iron ores present and, 
even there, not often within the same country. 
Of all the countries of the world, the United 
States is the most fortunate in this respect. Sig- 
nificantly, the great powers of the present day 
have developed around the oceanic basin of the 
North Atlantic. It is fair to assume that the 
geographic distribution of the two minerals, coal 
and iron, has been of fundamental importance 
in producing concentration of industrial develop- 
ment and the importance of these countries in 
world affairs. 

Coal and the Iron Age, It would be almost 
equally appropriate to call the present Iron Age 
the ''Age of CoaF for, without coal, it would 
be impossible to smelt iron ores economically and 
in sufficient quantities to satisfy our needs for 
iron. Further, we are today at the beginning of 
a new era in the use of coal. Yet in the not distant 
past, only 600 years ago, we did not know enough 
to utilize this valuable resource. In fact, in 1306 
King Edward I of England made it a capital 
offense to burn coal as fuel in London, and one 
man was executed for the crime. Less than 150 
years ago. Col. George Shoemaker was threat- 
ened with arrest for attempting to sell a few 
wagonloads of coal in Philadelphia and, about 
the same time, the British Admiralty was dis- 
couraging its use on vessels. When it was first 
proposed to make gas from coal, and employ 
the coke for heating, use of the gas for street 
lighting was opposed on theological, juridical, 
medical, moral, police, and economic grounds. 


The theological objection was that ''God divided 
light from daikness’h the moral, that it would 
increase crime. 

Today, w^e know enough to burn coal, in the 
future, we may know enough not to burn it, for 
coal is a raw material used by synthetic chemists, 
whose laboratory creations, mcludmg explosives, 
disinfectants, medicines, dyes, and others, appear 
m ever-increasing numbers to add to our con- 
venience and comfort. Many such products from 
coal have been known for some time, one which 
has attracted attention of late is a substitute for 
silk, but better than the real article for most 
purposes. What the future holds in store with 
respect to new uses for coal is unpredictable; 
the only certainty in many agreeable surprises. 

Other Mineral Fuels: Petroleum and Natural 
Gas. Petroleum, or "rock oil,” probably of oigamc 
origin, is believed to have been foimed by de- 
composition of marine plant and animal remains. 
Therefore it occurs in exploitable accumulations 
only in rocks formed by consolidation of marine 
sediments. Though occurring in strata of various 
geological ages, none is found m the most ancient 
crystalline rocks, and the probability of its pres- 
ence in areas of considerable igneous or volcanic 
activity, or where the strata have been badly 
bioken or altered by crustal movement, is very 
slight. 

Petroleum is held in the pore spaces of rocks, 
much as is water. Sandstones and limestones, 
which have many such openings, are the oil- 
bearing layers or "oil sands,” so called because 
sandy strata were the oil-beareis of the first dis- 
covered fields. Though such oil-bearing rocks 
are often apparently solid, fairly productive sands 
may hold from 3 to 6 quarts of oil per cubic foot 
of rock. In the old days of unrestricted drilling, 
about 20 per cent of this was recovered; today, 
with better practices, this has risen to from 40 
to 60 per cent, and possibly somewhat higher 
occasionally. Sometimes these sands are rela- 
tively close to the surface, but often they are at 
great depths, buried by thousands of feet of 
younger strata. Inasmuch as petroleum was 
formed during several periods of past geological 
time, several oil sands may occur in the same 
area, but at different levels, so that deep drilling 
may enable continuance of production after ex- 
haustion of the oil in shallower sands near the 
surface. 

Commercially exploitable occurrences, or 




Fig. 216. Diagram to show the structural conditions tdvorable for tlie accumulation petroleum. 


“pools/" are irregularly distributed, which makes 
possible the diillmg of a diy hole only a short 
distance from a highly pioductive well. Large 
accumulations or pools are found only where the 
strata contained organic material, the source of 
oil, or where conditions permitted migiation of 
oil from some source of supply; where porous 
rock was available to serve as a reseivou*, and 
where rock structure facilitated the separation 
of oil, gas, and water, which commonly occur 
together, and prevented escape of the oil from 
the “sand.” 

Within oil holding structures, the gas rises to 
the top; the water sinks to the bottom, the oil 
accumulates between the two. When such a sup- 
ply IS tapped, gas pressure may cause the veil 
to flow or, if the pressme is very gieat, the oil 
may be forced out in great volume. Such a well 
is Imown as a “gusher.” In many cases, however, 
pumping is necessary, especially after most of 
the gas has escaped. Because of the irregularity 
of occurrence of oil and the fact that the pools are 
small, below the smdace, and often deeply buried, 
an exact estimate of the worlds oil resource is 
impossible. 

Petroleum is likewise obtainable from some 
compact shales but, though recoverable, except 
as production is subsidized or under especially 
favoring conditions, the recovery is uneconomic. 
It is also possible to manufacture oil by the 
hydrogenation or chemical addition of hydrogen 
to coal, which converts the carbon of the coal into 
hydrocarbons or petroleum. In the future, when 
other sources of supply have been seriously de- 
pleted, we may be forced to turn to our enormous 
deposits of oil shales in the western mountain 
states or resort to treatment of our abundant 


coal in the east to supply the oil vhich is today 
obtained by tapping natuial nser\oirs. When 
that time arines, petroleum and its derl\ atn’es, 
including gasoline, v ill be much higher in puce 
than at present. 

Petroleum in the Arncrieas. Long knov n from 
seepages, petroleum or rock oil was first obtained 
by drilling m 1859. Its industrial use, dating 
from that time, rapidly assumed importance with 
imention of the iiiteinal combustion engine and 
its use in automoliiles. Xatiire’s endowment of 
this country has been generous indeed, includ- 
ing among other assets an od reser\ e uneqiialcd 
elsew’here in the ^\a>rld, distributed among the 
fields shown in Fig. 2 IT. From them have been 
pioduced more than 20,000,000,000 barrels ol 
peti'olcum, } et they still continue to yield at the 
rate of nearlv 1,500,000,000 barrels of oil each 
year. Production started in the Appalachian 
Field, which has been a consistent producer, the 
other fields were developed later. Of them, the 
JMid-continent Field is today the most important 
oil producing area in the world. Of the other 
fields of the United States, those of California 
are second in rank. 

Latin America contains se\’eral important 
fields in the region bordering the Caiihbean Sea. 
The most impoitant Mexican fields are on the 
east coast, in the wemity of Tampico and to its 
south; in northern South .\merica, they occui 
from Colombia east through Wuiezuela to the 
island of Trinidad, with production most im- 
poitant in Venezuela. Less is knowm concerning 
the extent of the petroleum reserve of the re- 
mainder of the continent, though both Peui ano 
the Argentine have producing fields and there is 
much relatively unexplored ten-itory. 
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Fig. 217. Oil fields of the United States. (After the National Resources Committee and others.) 


Petroleum in the Eastern Hemisphere. The 
most important of the known oil fields of the 
Eastern Hemisphere are also north of the equa- 
tor, mainly in Eurasia. Unfortunately, the South- 
ern Hemisphere is almost everywhere lacking in 
known, large reserves of the valuable resource, 
petroleum, the only important occurrences dis- 
covered to date being those of the East Indies. 
Further, when the distribution of petroleum for 
the world as a whole is considered, it is rather 
significant that none of the great powers of 
western Europe has a sufficient local supply, but 
must depend on ownership or financial control 
of outside sources for this necessary mineral 
fuel. 

The oldest and most productive fields of 
Europe are those in the area bordering the Cau- 
casus Mountains and to the west of the Caspian 
Sea. Of these, the best known and most impor- 
tant is near Baku. It is this field which makes the 
Soviet Union the most important Old World pro- 
ducer and. considering the vast extent of promis- 


ing unexplored tenitory, the probable leader for 
many years to come. 

There are two important producing areas in 
Asia: one in the southwest, the other in the 
southeast. In the southwest, the most important 
fields are those near the Persian Gulf, in Iran, 
or Persia, in Saudi Arabia, and in Iraq. These 
have been developed under concessions granted 
to Western powers, the securing and retention 
of these rights to exploit the resouice being a 
constant source of contention between the inter- 
ested nations, often leading to the exertion of 
considerable outside pressure on the under- 
developed countries possessing the resource. In 
southeastern Asia, there are relatively small fields 
in Burma, but the bulk of the reserve, largely 
unexploited, is in Sumatra and Borneo. Elsewhere 
in Asia, including Japan, known reserves are 
small and important discoveries of petroleum 
are improbable. 

Our Supply of Petroleum, Our supply of petro- 
leum in the pools, even in the United States, is 
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exhaustible, and when it has been dissipated, 
though other sources of supply are know n, they 
will be much less satisfactoiy. It is not known 
exactly how long our present annual output of 
more than 1,250,000,000 barrels can continue 
undimimshed for, though some of the older helds 
are either partly or completely exhausted, both 
new fields and new sands of some of the older 
fields come into production almost yearly. If the 
reports of the National Resources Board and ot 
the United States Bureau of Klines are accepted 
as authoritative, however, production will de- 
cline materially by 1950 and, iriespective oi 
whether this is correct, it is certain that the life 
of the resource is limited, and certainly not long. 
B'urther, its hfe has been decreased materially 
by the war. Production will not, of course, dis- 
appear completely for many years, but the de- 
crease which must occur in the not distant future 
will make for scarcity and accompanying high 
prices, as larger and larger dependence on other 
sources for petroleum is enforced by increasing 
depletion of the supply stored in liquid form m 
the rocks. In view of this fact, there is urgent 
need for conservative practices in drillmg, which 
enable more complete recovery of the oil and 
effective use of petroleum in order to secure maxi- 
mum benefits from its consumption. 

Natural Gas. Natural gas occurs in association 
with oil, but occasionally is found alone. It 
generally accumulates under suflBciently great 
pressure so that it can be transported by pipe 
lines for considerable distances without the neces- 
sity for using artificial means to induce flow. Used 
as an illuminant, for domestic heating, for gen- 
erating power, and for the manufacture of carbon 
black, which is necessary in rubber manufacture, 
natural gas is a resource of gieat value. Prac- 
tically all oil fields yield such gas, much of which, 
unfortunately, is used wastefully. This is another 
place where conservation should be practiced. 

Other Metallic Minerals. The scope of this 
elementary consideration will not permit more 
than a brief statement of the general areas of 
occurrence of the metallic minerals other than 
iron. Important deposits of such minerals, with a 
few exceptions, are found only where crustal 
deformation is active at present, or where its past 
activity is evidenced by the presence of hard, 
crystalline rocks. An exception to this rule is the 
occurrence of lead and zinc ores in horizontal, 
unaltered rocks in Missouri and Illinois in the 


United Sialt's, and, unde^ corre^noiicliiig cuntli- 
tunis in Europe, ii' PoLiiid. A'i,ain aliiniimmi, one 
of the ni.*]oi inetallie coinpoaeiit^ the eai til's 
C!ust, is wicltly d;stn!)i!ted in eoinmoii cla\s, 
though the ctuiuneicia! source of the metal, 
bauxite, is not so eoniinon In considering the 
extent of reserves of the metallic mineials, it 
should be borne in mind tliat present known dis- 
tiibiitioii of eoiiiniiu'cial deposits is not onK in- 
complete, but that teehiHjlogieal advances will 
probably alter our present evaluation oi many 
of the known ore bodies. 

Highlands and Mniomlization. Though occiir- 
1 dices of metallic minerals are largely confined 
to highlands, iiot all hishlands, nor even all 
mountain aieas, contain eeonomicalh important 
deposits of those minerals. Some, in which no 
such deposits aie kn(A\n tcidav, mav later, after 
more complete exploration, become important 
produccis, but in manv highland regions which 
have been tlioi oiiglily piospcetcd there are no 
such deposits. For example, the Alps, the geo- 
logical structure of which has been studu^d in 
great detail, have been subjected to intensive 
exploration witliout discovery of important, com- 
mercially workable deposits of metallic mineials. 
In our owm country, the same is true to a lesser 
degree of the Appalachians, except for the iion 
ore, and it is equally true lor many moiintam 
areas elsewhere. 

Commercial Deposits of Metallic Minerals To 
be commercially exploitable, ores of the metallic 
minerals must contain enough of the metals in 
either a pure or combined state so that their 
extraction is economically justified. Wlicii the 
metal occurs pine or “natweA gold and copper 
sometimes do, emshing and washing of the ore, 
or concentration carried out in some other man- 
ner, may be sufficient; when the metal is com- 
l^ined with other elements, as is more commonly 
the case, additional chemical tieatment is neces- 
sary. 

Commercial deposits of metallic ores are the 
result of natural concentrations occurring during 
the cooling of masses of melted rock intruded 
into the strata, or of deposit from solution, as 
veins in the solid rock. These processes are most 
actwe in areas where crustal movement and 
v^olcanic activitv^ are pronounced, for there waters 
are heated and contain chemically aetivx^ ma- 
terials in solution, and intiiisions of melted rock 
are common. Because of these facts, deposits 
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of the metallic minerals are more numerous in 
mountains and other highlands than in plains, 
and most of the metallic mineral wealth of the 
world is concentrated in such areas. Further, 
erosion is active in legions of considerable eleva- 
tion, so that the deposits are more easily located. 
For these reasons, mining of metallic minerals is 
largely confined to highlands, though not all of 
these are necessarily of great elevation, for favor- 
able conditions occur in the 'roots’'' or worn- 
down remnants of formerly lofty mountains, as 
well as in younger highlands of greater present 
elevation. 

Productive Mineralized Regions of the Amer- 
icas. These include the Laurentian Highland, 
which stretches westward from Labrador, largely 
north of the St. Lawrence River, from which it 
derives its name. This is a very old, heavily 
glaciated area, with hard, crystalhne rocks. This 
highland not only possesses valuable iron ores, 
but it IS also the world’s most important source of 
nickel, normally furnishing 99 per cent of our 
supply. It also has copper, gold, silver, platinum, 
and cobalt ores, in addition to pitchblends, from 
which radium and uranium may be obtained. 
In fact, this area today affords the most impor- 
tant known supply of uranium in the world. Only 
partly prospected, this region holds forth much 
promise as a futuie source of supply for many 
metallic minerals. A second important mineral- 
ized highland of the Americas is the great cordil- 
lera or mountain axis which extends from Alaska 
to Cape Horn. In this area, copper is secmred 
from several large, widely scattered occurrences 
in both the Americas. It also supplies gold, silver, 
platinum, lead, zinc, mercury, antimony, tungs- 
ten, and other metals, including iron. A third 
productive area, made up of a number of plateaus 
and mountains, though probably of less im- 
portance than the other two, is that of the high- 
lands of Cuba, the Guianas, and eastern Brazil, 
which in addition to iron ores have gold, silver, 
chromium, manganese, bauxite, and other metal- 
lic mineral resources of importance, 93 per cent 
of our bauxite, from which aluminum is obtained, 
being supplied by the Guianas. During the war, 
nickel has been produced in Cuba, but whether 
this will continue in normal times is rather un- 
certain. 

Productive Mineralized Regions of the Eastern 
Hemisphere. In Euiope, valuable deposits of 
metallic minerals are known in the Ural Moun- 


tains, an important source of platinum, and com- 
meicially exploitable deposits of u*on, chromium, 
and mercury occur around the borders of the 
Mediterranean in Spain, Italy, Greece, and 
Turkey. Central and southern Africa contain sev- 
eral important producing areas which furnish 
copper, gold, and chromium. In southern and 
western Australia, the presence of gold, silver, 
lead, zinc, and other valuable minerals of lesser 
importance serves as the basis for an important 
mining industry. In Asia, there are several min- 
eralized areas in addition to India, mentioned in 
connection with iron ores. Southeastern Asia is 
an important producer of tin; the mountainous 
area of China, south of the Yangtze, is the world’s 
most important source of antimony and tungsten, 
in addition to supplying lead, zinc, tin, and other 
metallic minerals. A third important mineralized 
area extends westerly from the Okhotsk Sea 
through southern Siberia. Largely unproved as to 
its mineral resources, which are probably ex- 
tensive, it is today one of the world’s most im- 
portant gold-producing regions. 

Desirability of a Local Supply of Metallic 
Minerals. Today the hst of important metallic ores 
is long and, with development of new uses for 
metals, it lengthens and the quantities required 
increase yearly. For these reasons, possession 
of commercially exploitable deposits becomes 
a factor of increasing importance in deter- 
mining the potentialities of an area. This is 
particularly true for a fundamental and bulky 
mineral like iron ore, which cannot be used to 
advantage except where it is easily accessible from 
the consuming area and, with maximum effec- 
tiveness, only if it occurs in conjunction with 
coal, used in its smelting. Some of the metallic 
minerals, however, are neither bulky nor used 
in great quantities. These can be marketed to 
advantage farther from the producing region. 
For example, one partly loaded ship would afford 
a year’s supply of mercury for the United States; 
by contrast, the ore of aluminum, bauxite, both 
bulky and used in greater quantity, requires much 
cargo space. 

Despite the small volume of many of these 
metalhc minerals required, they are all vital to 
modern industry. For example, without chro- 
mium, manganese, nickel, and tungsten, all used 
in relatively small amounts, many of our modern 
steels could not be made. Unfortunately, ade- 
quate local supplies of many minerals may be 
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lacking, even in a country as nearly self-contained 
as the United States. Therefoie dependence must 
be on import. Thus, m the most lecent hst of 
''strategic materials’" compiled by the United 
States Army and Navy hlunitions Board, ma- 
teiials secured either largely or entirely by im- 
port but essential to our economic welfare in 
times of peace and for defense in time of war, 
are included: antimony, chromium, manganese, 
mercury, nickel, tin, and tungsten. Of the com- 
plete hst of 14, 7, or 50 per cent of all, are metals, 
2 more, mica and quartz crystal, are nonmetals. 

Other Nonmetallic Minerals, Other than the 
mineral fuels which have been considered earlier 
in this chapter, the most important of the non- 
metallic minerals are building stone, giavel, sand, 
and lime, used in construction; clays, used for 
making brick, tile, and utensils; abrasives, neces- 
sary for certain industrial piocesses; salt, other 
saline substances, lime, and sulphur, which serve 
as the raw materials for chemical industries; the 
fertilizers, and gems, some used in industry. The 
number of these minerals is too great to permit 
consideration of more than a few of the most 
important and, of these, only hmited discussion. 
Therefore attention will be confined to some of 
those used in construction and utensils, the chem- 
ical industries, and fertilizers. 

Nonmetallic Minerals Used in Construction 
and Utensils. Stone has been a favored building 
material almost fiom time immemorial, and it 
still ranks high in both desirability and the extent 
of its use. Because of its bulk, it does not normally 
travel far to market except when it is of unusual 
beauty or desirabihty, for example, some marbles 
and limestones: the first used for statuary, the 
latter in hthography. Under such conditions, 
markets are world wide. To a lesser extent, and 
within a smaller area, tliis is also true for the 
even-textured limestones of Indiana, the well- 
known granites of New England, the "Rock of 
Ages""; and for certain slates, the cleavage of 
which permits use for roofing. All of these are 
likewise pushed by effective sales organizations, 
which foster widespread demand. Broken or 
crushed, and in the form of gravel, rock is used 
in great quantity, not only for building, but for 
road construction. These needs are commonly 
satisfied from near-by sources of supply, for few 
areas, except those buried deeply by alluvial or 
loessal deposits, lack rock of some type, smtable 
for such uses. 


Sand, lime, and clay arc used cither directk' 
or iiidirecth in coIi^tllICtlO^ and hkevisc urc iii- 
dustrial raw mateiials Not all t}pcs oi these 
substances are etiualK desiiahle for these diftei- 
eiit uses nor is any one t\pe suitable for all. Sand 
tor building construction, for example, is \er\ 
different horn that suitable for abrasi\e use or ior 
the maimfactiiie of glass. Similarly, cLws per- 
fectly satistactory for making brick and sewer tile 
are of no \alue for the manufacture of fine pot- 
teiy and poicelain. Hence aieas having deposits 
of these nonmetallic minerals suitable for special 
uses have assets, often of considerable \aliie, 
which may, and fiequenilv do. serve as the basis 
for development of specialized industries. 

Nonmetallic Mlneials Used in the Chemical 
Industries. Salt and other saline substances, both 
used in the chemical industries, are obtained by 
evapoiation of sea water, from wells which yield 
natural brines, deposits of rock salt, and the 
waters and beds of desert lakes, either parth or 
completely diy. Not only do some of these sub- 
stances play an important part cliiectly in our 
everydav life, salt being a necessity for both 
man and the animals, but all are used extensi\*ely 
m many chemical industiies, as in southern 
Michigan and w^estein New York. Fortunately, 
most of the important industrial areas, and those 
with dense populations, have adequate supplies 
of salt and other essential saline substances. 

Sulphur IS used in many industrial processes, 
being employed in the production of sulphuric 
acid, w^hich is used in the manufacture of oil, 
rubber, explosives, and many other products. 
Formerly obtained from areas of \ olcanic activity 
such as Italy and Japan, approximately SO per 
cent of the present w^orld supply comes from the 
Gulf Coast region of Louisiana and Texas, wLere 
it occurs in association with petroleum and rock 
salt, and is obtained by pumping from deep w’ells, 
the sulphur first being liquefied by forcing highly 
heated steam thiough the beds wdiere it occurs. 

Notimetallic Minetals Used for Fertilizeis. 
These include lime, nitrates, potash, phosphates, 
and others of less importance. Addition of these 
substances to soils is often necessary to secure 
satisfactory production. Of lime, also used as a 
flux in the smelting of iron ores, there is olten 
an adequate local supply. Important deposits of 
nitrates, potash, and phosphates are, how'ever, 
more uncommon and therefore often of great 
value to the areas which possess them. 
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The most important of the natural deposits of 
nitiates are those of the Atacama Desert, m 
northern Chile, where the piactically rainless 
conditions have favored the accumulation and 
preservation of beds of sodium nitrate. For many 
years, an export tax on this mineral was the prin- 
cipal support of the Chilean government. Of 
late years, synthetic nitrates, or those made arti- 
ficially, have destioyed this natural monopoly so 
long enjoyed by Chile. 

Potash is found in beds, like rock salt, with 
which its occurience is frequently associated. 
The largest and most important deposits are 
those of western Europe, principally in Germany 
and Alsace, where it is mined at depths of 1000 
feet or more. It is also secured from New Mexico 
in this country, this source supplying 50 per cent 
of our needs in normal times, and all of them dur- 
ing the war. 

The essential element in phosphates is phos- 
phorus, present in considerable quantities in 
bones and animal wastes, frequently used as 
fertilizer. It is likewise a component of the non- 
metallic minerals known as 'phosphates,” which 
are found in various types of occurrences, includ- 
ing lenses in limestones, residual deposits, placers, 
and others. The United States has the most im- 
portant of the world’s reserves: some in the south- 
eastern states, particularly in Florida, and even 
larger deposits in the western states. In all, these 
reserves are estimated to contain 13,500,000,000 
tons, or 55 per cent of the world’s known supply. 
Much of the production of the southeastern states 
is for export to the Old World, for the soils of 
many agricultural areas of western Europe are 
deficient in this important mmeial. Other im- 
portant deposits are known for northern Africa, 
Siberia, and some of the islands of the Pacific. 
It will be noted that these three important fer- 
tilizers, nitrates, potash, and phosphates, are 
very unevenly distributed, and that no single 
country has an adequate supply of each. 

Local Supplies of the N onmetallic Minerals, 
Fortunately, distribution of most of the non- 
metallic minerals permits essential national self- 
sufficiency in countries of moderate to large size, 
except occasionally in the mineral fertilizers and 
a few other nonmetallic minerals with special, 
though often essential uses. For example, in the 
list of "strategic materials” compiled by the 
United States Army and Navy Munitions Board, 
only two nonmetals, mica and quartz crystal, are 


listed. For these, we depend on Brazil, which 
supplies all the quartz crystal and somewhat less 
than one-third of the mica, on India for more 
than half of the mica; and on Canada for the 
remainder of that mineral in normal times. Con- 
sidering our national deficiencies in both the 
metallic and nonmetallic minerals, southeastern 
Asia, which does supply most and could supply 
all our needs, except for quartz crystal and mer- 
cury, is a highly important area from a national 
economic point of view, which explains in part 
our great and proper interest in the affairs of 
that part of the world. 

The Function of Mineral Wealth Mineral 
wealth generally plays but a small part in the 
economic life of an area until relatively late in 
its history, partly because its existence or value 
may be unknown, and partly because its ex- 
ploitation may be impracticable, or even impos- 
sible, before a certain degree of development has 
occurred. It is only under exceptional conditions 
such as "gold rushes,” therefore, that mineral 
wealth has been either the sole or the original 
incentive for human occupation of an area. 

During the earher periods of histoiy and stages 
of human development, the presence of mineral 
wealth in an area was relatively less important 
than today. This resulted m part from earlier 
lack of knowledge of the value and use of many 
such deposits. Again, it was due to man’s inability 
to use them effectively, even when their occur- 
rence and value were known. It was also in part 
because a local source of food supply, water, 
and material for shelters, clothing, and other uses 
was of so much more fundamental importance 
in determining relative areal desirability. From 
the standpoint of less advanced populations, and 
at the time of initial occupations of earlier periods, 
the presence of mineral wealth was, therefore, 
at best of only secondary importance. For many 
years, for example, though coal seams, outcrop- 
ping on the hillsides and today mined extensively, 
were quite generally known to occur in the dis- 
sected Cumberland Plateau, wood was the usual 
fuel. Similarly, the enormous iron-ore resources 
of northeastern Minnesota were unexploited un- 
til long after the date of first white settlement 
in the state. 

Mineral resources at present, however, have 
assumed great significance in many areas, form- 
erly considered of little if any value, and have 
acquired great importance in their effect on the 



305 


FUNERALS 


character of the economic development of the 
countiy in which they occur. In fact, so much 
importance attaches to possession of adequate 
supplies of coal, iron, and petroleum in these da vs 
of complex industrial development that no great 
nation feels secure without control of sources of 
these necessary raw materials. Without lecogni- 
tion of this fact, it is impossible to evaluate many 
national policies intelligently. In addition to the 
mineral resources mentioned without which im- 
portant industrialization as we know^ it todav 
would be impossible, a long and continually 
lengthening list of others plays a part in many 
of our industrial processes. Thus, as time has 
passed, mineral wealth has come to assume an 
ever-increasingly important function in our life. 

Though necessary for the economic w^elfare 
of all populations, mineral w^ealth is very un- 
evenly distributed. No nation, in fact, has enough 
of all commercial minerals; even the United 
States, the most nearly self-sufficient of all, im- 
ported about 70 varieties during the w’ar. Since 
in minerals, as in all other aspects, international 
interdependence is a fact, necessary supphes must 
be available to all to ensure a peaceable w’orld. 
The existing struggle for such supplies, made 
doubly intense by their alarming depletion dur- 
ing the past years of war, must result in con- 
tinuing friction, which can be prevented only 
by international control and allocation of unex- 
ploited resources in areas with a low present stage 
of development. Not only would this tend to 
ensure an equitable division of available raw 
materials, but it would likewise present an op- 
portunity to check would-be war-making nations. 

Whether the presence of any particular min- 
eral resource wnll affect the desirability of an 
area varies, not only with its stage of develop- 
ment, but with the following factors as w^ell. (1) 
the size of the deposit, (2) its quality, (3) its 
location, (4) the cost of working the deposit, 
and (5) market conditions. 

The first of these, the size of the deposit, varies 
with the mineral. Occurrences of coal or iron 
ores, of low value per unit of weight, must be 
large to be of economic importance. By contiast, 
a smaller occurrence of gold, silver, or some other 
precious metal, can often be developed to ad- 
vantage. Even though the source of supply is 
large, its exploitation may be uneconomic if the 
production must meet the competition of higher 
grade deposits. In the United States, for example. 


theie aie enoimous leserves of It^w-crade iron 
ores and laiiit toanaiirs oi iiifeiior coals which 
caiimst be cl<w duped profitably so long as more 
valuable soinces of siipph aic available. Lo^d- 
tian IS important in all cases, but particularly so 
for the biilkv minerals and deposits of low grade. 
Gold, lor example, may be mined to advantage 
wberevur its existence in paying quantities is 
known, coal, onlv* where good transportation facil- 
ities exist. Many mineral deposits, though large 
and high grade, are impossible of profitable de- 
velopmeiit because costs of working are prohib- 
itiv^ely high. This may result either from the 
great depths of the deposits or unfavorable condi- 
tions of the strata in which they occur. Again, 
market conditions may be the critical factor in 
determining the economic importance of an oc- 
currence. At the present time, for example, many 
submarginal gold and silver mines are operated 
only because of gov’ernmental purchases of gold 
and siRer which make operations profitable. 

Where mineral wealth is abundant, varied in 
kind, and economically exploitable, it affords a 
basis for important industrial development. With- 
out the mineral fuels, coal and petroleum, for 
example, the world's existing industrialization 
vv^ould be impossible. Therefore their presence 
or absence, and their availability, affect regional 
potentialities fundamentally. For example, it is 
the enoimous, easily accessible reseiwes of these 
two important mmeials wffiich makes possible 
the important manufacturing industries of cer- 
tain sections of this country wffiere such sources 
of power are available. It should be realized, 
of course, that mineral fuels alone, even in com- 
bination with other mineral resources, will not 
ensure industrial dev^elopment, but only permit 
it if other conditions are fav'orable. 

This is because the particular economic activi- 
ties which serve as the basis for man's support in 
any given area result from various causes w'hich 
make their development a possibility. These in- 
clude, not only favorable natural conditions, but 
stage of dev^elopment and governmental stability 
and attitudes as w'ell. Therefore, unless a certain 
stage of development has been attained, and both 
gov^ernmental stability and attitudes are satisfac- 
tory, even favoring natural conditions such as 
valuable mineral resources will not insure their 
development and use as a basis for important in- 
dustrialization such as we have among advanced 
populations today. 
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QUESTIONS AND EXERCISES 


1, What mineral was commonly used by Paleo- 
lithic and Neolithic man for makmg imple- 
ments'^ What others were used occasionally^ 
Why are these adapted to such use? What are 
their limitations'^ 

2 Why IS coppei poorly adapted to making cut- 
ting tools ^ How IS it impro\ ed for such use by 
the addition of tin^ Why was general use of 
bronze dela\ed until trade began? 

3 Wliy is it appropriate to refer to iron as the 
“'Proteus of metals”? 

4 Where are the fiist definite references to steel 
founds Where did manufacture of steel probably 
originate^ Why is the history of steel so ob- 
scure^ 

5 Wh\ do the Stone, Bronze, and Iron ages lack 
definite chronological values? Gi\e an example 
of a population group which has passed di- 
rectly from the use of stone to that of iron 

6. What are tlie principal forms of occurrence of 
iron ores^ How were such ores formed^ Under 
what conditions is a deposit of iron ore of com- 
mercial valued How does proximity of a deposit 
of iron ore to one of high-grade coal affect its 
\alue^ Why^ 

7. Where are the important iron-ore reserx^es of 
the w'orld located^ Contrast tlie iron-ore re- 
ser\es of tlie Northern and Southern hemi- 
spheres Discuss the iron-ore resources of the 
United States. Why are the ores of the Lake 
Superior region particularly valuable^ 

8. Name the mineral fuels. How is coal formed^ 
Name tlie different types of coal and state the 
\alues of each. What causes the difference in 
tliese types of coaP What is a “coking coal”*^ 
For what is it used? 

9. How and why do coal seams differ in the ease 
with which tliey can be mined? What is the 
extent of our coal resource? Where is it lo- 
cated? Of what types are the coals? 

10. Where is the bulk of the world’s coal concen- 
trated? What are tlie different types of coal 
mining? Contrast the coal resources of the North- 
ern and Southern hemispheres. 

11. Why might it be appropriate to call the present 
the “Age of Coal”? State briefly tlie changes 
which ha\n occurred in the use of coal during 
the past 600 years. 

12. How was petroleum formed? How and under 
wliat conditions is it stored in die rocks? Dis- 
cuss the location of the world’s oil resen^es. 

jlS. Under what conditions does natural gas occur? 
What is its value and for what is it used? 


14 Why are occurrences of metallic minerals more 
common in highlands than in plains? Why are 
botli disco\ ery and working of such deposits in 
highlands easier than in lowlands? 

15 Where are the principal mineralized highlands 
of die world located? Are all highlands mineral- 
ized? If not, name one that is not mineralized 

16 W^hy is a local supply of many metallic minerals 
desuable, even though they can be transported 
economically? What “strategic” metallic min- 
erals do we lack? What are our present sources 
of supply? Why does this make soutiieastern 
Asia important to us? 

17. Name some of the more important nonmetalhc 
minerals, in addition to the mineral fuels, and 
state the principal uses of each. Why are most 
nonmetalhc minerals used near the areas of pro- 
duction? State some exceptions to this general 
rule. 

IS. Why is sulphur of great importance to man? 
From vihere is most of the world’s supply ob- 
tained today? 

19. Name the important mineral fertilizers and state 
the most important source of each. Why are the 
mineral fertilizers of such great importance to 
man? 

20 What important nonmetalhc minerals of strate- 
gic significance are lacking in the United States? 
What are our sources of supply for these min- 
erals? 

21. Why does mineral wealth generally play only a 
minor part in the economic life of an area until 
relati\’ely late in its history? Illustrate this fact 
by an example. 

22. Why is mineral wealth of only secondary im- 
portance to less ad\unced populations? What 
place does mmeral wealth occupy m our present 
civilization? In influencing international rela- 
tions? 

23. Is the list of important minerals increasing or 
decreasing? Why? What factors determine the 
desirability and value of an occurrence of any 
given mmeral? Do the size and location of a 
deposit affect the commercial value of occur- 
rences of all minerals in equal degree? Why? 
How do the grade of a deposit and market con- 
ditions affect tile possibility of economic pro- 
duction? Illustrate by examples. 

24. To what extent does mmeral wealth influence 
the amount and type of industrialization of a 
region? Does mmeral wealth ensure industrial 
development? Why? Illustrate by example. 
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Chapter Twenty -Five 

THE OCEANS AND THEIR COASTS 


Extent of the Oceans. The oceans, not the 
[and masses, are the areally dominant surface 
'eatures of the earth, covering nearly 72 per cent 
3f its exterior to an average depth in excess of 2 
niles. Even the least extensive of them all, the 
^ctic Ocean, is more than one and one-quarter 
limes the size of Australia, the smallest of the 
:;ontinents, the largest, the Pacific, exceeds the 
combined area of ail the land masses by 25 per 
3ent. There is so much water, indeed, that were 
Jie surface irregularities of the earth's sohd crust 
jmoothed out, the ocean would everywhere be 
learly 2 miles in depth. Further, and of great 
mportance to man, the oceans are continuous, 
vhereas the land masses are interrupted. 

The Depth of the Ocean and the Character and 
Topography of Its Bottom. Our knowledge of the 
iepth of the ocean, and of the character and 
:opography of its bottom, is most complete along 
die shore lines of the great nations, where de- 
railed mapping of the coasts has been carried 
3ut and extensive, accurate soundings have dis- 
closed the nature of the bottom and the depth of 
:he overlying water immediately offshore. For 
nore remote coasts and the open ocean, informa- 
rion is less complete. In general, however, the 
Dcean bottom consists of: (1) a continental shelf, 
3ordermg the great land masses; (2) a continental 
dope to the ocean basins proper; and (3) the 
3cean basins, rimmed by the continental slope. 

The continental shelf, representing the sub- 
merged, marginal portion of the great land 
masses, which it borders with variable width, 
slopes gently seaward as a fairly level, sub- 
merged plain, at an average rate of 1 or 2 feet to 
the mile. This is a very slight slope. In places, 
irregularities of its generally smooth expanse rise 
almost to the surface of the ocean as banks or 
shoals, or even above the water to form islands 


such as Long Island. Elsewhere, it is crossed by 
hnear valleys. Some of these are canyonlike, with 
depths of 2000 feet or more, others are shallower, 
with more gently sloping sides. In most cases, 
these departures from the general level appear to 
be related to topographic features of the near-by 
land, valleys under water, for example, being 
continuations of those on the adjoining land. 
Everywhere over the continental shelf the water 
is shallow by comparison with most ocean depths, 
ranging from a few feet near the shore to 600 
feet at its outer edge. Over its submerged surface 
are spread gravel, sand, and clay, the type of 
deposit varying with: (1) material afforded by 
the adjacent land, the source of supply; (2) dis- 
tance from shore, and (3) degree of disturbance 
of the water in which deposition occurs. In places, 
where conditions are favorable for organic life, 
deposits of calcareous or limey material, secreted 
by marine organisms, may occur. All these de- 
posits tend to obliterate minor surface irregulari- 
ties and their quantity may even be sufficient to 
cause slow seaward extension of the continental 
shelf. This generally flat plain which borders the 
continents is estimated to have a total area of 
approximately 10,000,000 square miles, almost 
equal to that of Africa, the second largest of the 
continents, and to occupy about 5 per cent of 
the ocean bottom. 

Beyond the outer margin of the continental 
shelf the slope of the ocean floor increases to an 
average of 100 to 200 feet to the mile, with oc- 
casional more abrupt descents to the abyssal 
depths of the great ocean basins. Though not 
precipitous, except locally, these slopes are far 
above the average in steepness for most of the 
ocean bottom, and they are of further significance 
in that they completely encircle the ocean basins. 
Over them are spread the finer sediments which, 
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remaining in suspension for considerable peiiods 
of time, are carried farther out to sea before depo- 
sition occurs. 

On the seaward side of the continental slope 
are the great ocean basins, believed to have been 
formed by crustal movement, in which the aver- 
age depth of the water exceeds 2 miles. Of the 
five great ocean basins, that of the Pacific is 
deepest, averaging 2% miles. The general mo- 
notony of the floors of these great basins, which 
cover 75 per cent of the ocean bottom, is inter- 
rupted by occasional irregularities, some, uplifts 
like the Hawaiian Islands, volcanic in character; 
others, linear depressions known as '"deeps.” In 
all, there are 72 of these, with at least 6 in 
which the water is more than 5 miles deep, and 
one, the Swire Deep, east of the Philippines, with 
a depth of 34,218 feet, or nearly 612 miles. Such 


a depression is a greater departure from sea level 
than the loftiest of mountains. Nearly thirty-four 
times the maximum depth of Lake Superior, the 
deepest of the Great Lakes, it makes all bodies of 
fresh water seem shallow by comparison. At 
depths of less than 2/2 to 3 miles, oozes, com- 
posed of the remains of surface organisms, 
volcanic ash or finely fragmented volcanic ma- 
terial, very fine sediment from the land, and 
other fine material, cover the bottom, at greater 
depths, a red clay, the color of which results from 
oxidation of iron in the minute particles of which 
the clay is composed. 

The Water of the Ocean. The water of the 
ocean is saline. Not only does it contain com- 
mon salt in solution but other mineral matter as 
well, largely supplied by rivers and concentrated 
by evaporation to an extent that average sea 
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water con tarns 3/i pounds of dissolved solid ma- 
terial m each 100 pounds of water. In one respect, 
this salmitv is an advantage to man m that it 
deci eases the diaft of vessels, thus mcreasmg the 
utility of many haibors. In all, it is estimated that 
there is at least 20 per cent as much mineral 
matter in the sea as in the land above sea level. 
Of this mineral matter in sea water, neaily 78 
per cent is common salt. This may appear pecu- 
liar, smce calcium carbonate is more abundant 
than salt in the fresh water of rivers which supply 
tlie mineral matter, unless it is reahzed, that, not 
only do animals withdraw calcium carbonate or 
"Tme'^ to form shells and similar structures, but 
that it is likewise removed by precipitation, 
whereas salt commonly remains in solution. 
Though movements of ocean water tend to cause 
uniformity in the amount of dissolved mineral 
matter everywhere, certain enclosed seas like 
the Red Sea, in w^hich the rate of evaporation is 
high and the inflow of fresh w’^ater from the land 
is small, are more saline than the Arctic Ocean, 
where evaporation is slight and melting ice con- 
tributes much soft water. 

Light in the Ocean and Ocean Temperatures. 
Light penetrates only a short distance below^ the 
surface of the ocean. Even at depths of only 
2000 feet, there is too httle to enable normal 
vision, at those of a mile or more, there is none 
except that emitted by phosphorescent animals. 
Temperatures vary with latitude, and between 
the surface and the ocean bottom. Surface tem- 
peratures, even in the tropics, seldom rise ma- 
terially above 75° F , decreasing poleward to 
28° F., the freezing point of the sahne waters in 
Arctic seas. Seasonal changes of temperature are 
slight, for water both warms and cools slowly. 
Therefore oceans are great equalizers of tem- 
perature over bordering lands, if air movement 
is from the water toward the land. At depths, the 
temperature differences noted for surface waters 
are even less marked. There is no change from 
day to night, nor from summer to winter, and 
temperatures at great depths are uniformly low, 
rangmg from slightly less than 32° F. to not more 
than 40° F. It should be realized that conditions 
in enclosed seas may depart materially from 
those w’hich exist in the open ocean. 

Conditions at the Bottom of the Ocean Basins. 
No portion of the earth’s land surface equals the 
great depths of the ocean in monotony. Miles m 
extent stretch great plains covered by oozes or 


red clay. Tempeiatures are low, seldom more 
than a few degiees above freezing and often 
below the freezing point of fresh water, daily and 
seasonal changes of temperatme are lacking, per- 
petual darkness prevails. Pressures rise to 6 tons 
to the square inch and the water is highly charged 
with caibon dioxide, since the drift of water 
which supphes the small amount of oxygen pres- 
ent is not great enough to carry the carbon dioxide 
away completely. This increases the solvent action 
of the water, but decreases opportunity for or- 
ganic life. The hmited life of this deep-sea area 
is made possible only by a ram of organic remains, 
the food supply, from the surface waters above, 
and oxygen dissolved in the slow drift of cold 
water which penetrates to these great depths. 

The Swface of the Ocean. The surface of the 
ocean, which appears to be flat over limited areas, 
actually conforms to the curvature of the spher- 
oidal earth. Important departures from this form, 
resulting from the pull of gravity, are sometimes 
caused by lateral attraction of the land masses 
which border the oceans. This attraction varies 
with the mass of the land, therefoie sea levels 
along coast hues differ in distance from the earth’s 
center. The enormous mass of the Himalayas, for 
example, is stated by Tarr to pile up water to such 
an extent that the ocean surface is 300 feet higher 
at the head of the Bay of Bengal than at the 
southern tip of the peninsula of India. Winds also 
cause sea levels to vary, not only temporarily at a 
given place, as at times of hurricanes, but from 
place to place over long periods of time. Thus, 
according to Sverdrup, the trades produce a 
difference of 2 feet between the ocean levels on 
the Australian and American sides of the Pacific, 
along the equator. Similarly, there is a difference 
in ocean levels at the Atlantic and Pacific ends of 
the Panama Canal. 

Movements of Ocean Water. Movements of the 
ocean water include waves, tides, and currents. 
Ordinary waves, caused by friction between 
winds and water over which they blow, some- 
times attain a speed of 50 to 60 miles per hour 
and a height from trough to crest of as much as 
40 to 50 feet, but usually both the speeds and 
heights are much less. In the southern oceans, 
where westerly winds blow without interruption 
by land masses, extreme wave lengths of 1500 
feet from ciest to crest have been observed, 
though normally they are 500 feet or less and, 
near shores, commonly under 25 feet. Among 



311 


THE OCEANS AND THEIR COASTS 


other types of waves known, the moie important 
are those resulting from great diffeiences of at- 
mospheric pressure, and those produced by some 
earthquakes. The former are common accom- 
paniments of hurricanes, water often rising sev- 
eral feet and inundating low-lying coasts, as dur- 
ing the so-called Galveston "flood,” at times of 
such storms. The latter occur when earthquakes 
aflfect the sea floor and the overlying water from 
top to bottom. In the open ocean, such waves 
are so broad and low as to be imperceptible but, 
on approaching shallower water alongshore, they 
pile up on the adjoining flat land, often causing 
great loss of hfe and property in densely popu- 
lated regions. Fortunately, both hurricane and 
earthquake waves are of relatively infrequent 
occurrence. 

Tides are caused by the attraction of the sun 
and the moon, with that of the latter more im- 
portant because, though smaller, it is much nearer 
the earth. Distortion of the water surface of the 
earth by this attraction causes the hydrosphere to 
bulge on the sides of the earth toward and away 
from the moon; with depressions, low tides, be- 
tween the elevations or high tides. The sun acts 
in similar fashion but, except when its pull coin- 


cides with that of the moon, its lesser atti action 
is obscured by that of the moon. When the sun 
and the moon act in conjunction, spring, or very 
high tides occur, when in opposition, veiy low, 
or neap tides Thus tides, two high and two low, 
make their circuit of the earth each 24 hours 
and 52 minutes, as the earth rotates on its axis 
and the distortions of the ocean’s surface shift 
location. 

In the open ocean, the rise and fall of the tide 
is imperceptible, but along shores, and especially 
in V-shaped bays, the fluctuation is often great, 
as much as 30 to 53 feet m the Bay of Fundy, 
and slightly more in some of the Alaskan fiords. 
Where such great ranges occur, they interfere 
with the effective use of harbors and, similarly, 
when tidal currents develop, they handicap navi- 
gation. Normally, however, a moderate range of 
a few feet is advantageous in harbors, for it re- 
moves the wastes which accumulate along the 
waterfronts of great ports. Again, where tides 
invade the lower courses of livers, for example in 
Tidewater Virginia, they tend to increase stream 
navigability. This was especially important in 
this particular area during the Colonial period, as 
noted in an earlier chapter. Tides are generally 


First 




Fig. 219. When the attraction of the sun and the moon is exerted in conjunction, as at times of the new 
and full moon, spring tides, with high tides higher and low tides lower than the average, occur. At times of the 
first and third quarters of the moon, the attraction of the sun and moon are opposed to one another, which 
causes neap tides, with high tides lower and low tides higher tlian the aveiage. 
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Fig 220. Comparison of tins map, showing the general paths of the great ocean currents, with Fig. 101, 
showing the generalized wind directions, will disclose a close correspondence between movements of the 
lower air and those of the surface waters of the ocean. 


taken into account by mariners, in both entering 
and leaving harbors, because they affect channel 
depths and ease of navigation, especially if strong 
tidal currents develop. Tides also affect man by 
transporting and depositing sediment, sometimes 
blocking harbor entrances and thus necessitating 
dredging to maintain effective channel depths. 
Though man has long contemplated the possi- 
bility of harnessing them for development of 
power, use of the enormous amount of energy 
now wasted has so far proved economically im- 
practicable. 

Surface currents of the ocean waters, aside 
from tidal currents, are mainly wind-driven move- 
ments, with directions determined by prevailing 
winds, trends of coastlines, and the deflective in- 
fluence of the earth’s rotation. Thus, in the trade 
wind belts, the drift of the ocean water is westerly; 
in the belts of the westerlies, it is easterly; in 
monsoon areas in the Indian Ocean, the cur- 
rents reverse direction with change of the sea- 
sons. The more important warm currents, the 
Gulf Stream of the North Atlantic and the Japan 
Stream, or Kuroshio, of the North Pacific, origi- 
nate in tropical areas; cold currents hke the 
Labrador Stream, in the polar oceans. Both affect 
life forms and man: marine life directly, by dis- 
tributing oxygen and food, man, who uses marine 
life, indirectly. By their effect on ocean tempera- 


tures, they modify those over the land, particu- 
larly on windward coasts, toward which winds 
blow. Reference to a map of Europe will show 
the surprisingly high latitudes of the Scandina- 
vian Peninsula which, though in large part as 
far north as southern Greenland, is much more 
habitable. This is not only because the climate 
is tempered by winds from off the water but 
by winds from over water which, though cold, 
is somewhat warmer than the average for such 
high latitudes. The effect of ocean currents on 
atmospheric moisture is illustrated off the coasts 
of Newfoundland and other areas where fogs are 
a result of the geographic distribution of warm 
and cold currents. Similarly, ocean currents affect 
both distribution and amount of precipitation, 
as on the west coast of the main island of Japan, 
where winds from over the relatively warm 
waters of the Kuroshio cause the winter maximum 
of precipitation and the heavy snows of the 
colder months. Space does not permit more de- 
tailed consideration of either the tides or cur- 
rents, but additional discussion may be found in 
some of the selected references listed at the end 
of this chapter. 

The Life of the Ocean. The ocean teems with 
life, both plant and animal, particularly along- 
shore, or wherever the water in shallow. This is 
also true in the surface layers of the open ocean 
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where light, necessary for plant life, penetrates. 
The types of life lange from minute organisms 
making up plankton, in considerable part low 
forms of plant life, to the giant seaweed, kelp, 
which may attain a length of several hundred 
feet; and the animal life, from microscopic forms 
to whales, the largest present-day mammals. 
Both plants and animals are mostly of the lower 
orders. This is true for all plants of the open 
ocean. Among the animals, though even the 
higher divisions of the vertebrates are represented 
by the whale, seal, walrus, and others, and the 
reptiles by turtles and other forms, the inverte- 
brates are most numerous, with fishes next. These 
life forms, either plant or animal, may be fixed, 
floating, or free-swimming. In all cases, they are 
more widely distributed than equivalent land life, 
partly because of the movement of ocean water, 
but more largely because of the greater uni- 
formity of environmental conditions in the ocean 
than on the land. The most important factor 
limiting distribution of life forms in the sea is 
depth of the water. Therefore they may be con- 
sidered in four subdivisions, based on that factor: 
(1) life of shallow and coastal wateis; (2) life 
of the surface layers of the open ocean; (3) life 
of intermediate depths of the ocean; and (4) 
life at great depths in the ocean, this last of little 
economic importance. 

Life of Coastal and Shallow Waters, Life forms 
of coastal and shallow waters are both abundant 
and varied in kind, the diversity resulting from 
differences in the character of coasts and bottoms, 
in temperatures, in salinity, and in oxygen and 
food supply. Conditions are especially favorable 
in tropical seas characterized by coral reefs, 
where many of the life forms are brilliantly 
colored. By contrast, the littoral life of higher 
latitudes and polar areas is extremely limited 
within the zone affected by shore ice, though 
abundant and varied farther from the land. 
Within individual zones determined by tempera- 
ture, the amount and kind of life vary with the 
character of the bottom, the type of shore line, 
and the salinity of the water. Beaches and bot- 
toms of coarse, shifting sand, or of gravel and 
larger rock fragments, are unfavorable for life; 
rocky coasts against which waves beat with great 
force permit no floating, but only fixed growths 
such as barnacles and seaweed, protected bays 
with bottoms of fine sand or clay support abund- 
ant life. There, the vegetation of the land and 


sea meet, as in the brackish waters of salt marshes 
and mangrove swamps. 

Life of the Siuface Wateis, Plant and animal 
hfe of the surface waters, far from the land, is 
abundant. Some of the plants, algae and diatoms, 
are of microscopic size, \\ hereas some of the sea- 
weeds aie large. The animals vary equally in 
size, fiom very small to forms as large as the 
whale. All, even seaweeds such as the Saigassum, 
aie either floating or free-swimming forms, and 
all are wddely distributed. Some float by means 
of air-filled cells, others by movement or swim- 
ming; still othei s are able to rise or sink by draw- 
ing in or expelling water from chambers, or by 
exertion of other muscular effort. 

Life of the Intermediate Depths. Though less 
abundant than nearer the surface, life exists in 
the zone into which little light penetrates, far 
below the surface, but often even farther from 
the ocean floor. Though knowledge of the life 
of this zone is less complete than for that of the 
surface waters, it is known that certain animals 
such as deep-sea fishes, some blind and others 
with specially designed eyes, together with ma- 
rine worms, crustaceans, and others, hve in these 
waters. 

Life of the Ocean Bottom. It is believed that 
even the ocean bottom far from shore is m- 
habited, the abundance of the life varying with 
temperature and oxygen supply. At great depths, 
however, w^here darkness is complete and pres- 
sures are very great, there are no green plants 
and the animals, both fixed and mobile, must 
depend on a rain of food from the densely in- 
habited surface waters. At these great depths, 
conditions aie not only stiikingly uniform, but 
they have remained essentially unchanged for 
thousands of years, indicated by the existence of 
life forms such as crinoids, formerly abundant 
elsewhere, but today found only as fossil remains 
in limestones and on the ocean bottom at great 
depths. 

Interdependence of the Life Forms Plant life 
provides the food supply for certain animals liv- 
ing m the ocean. Especially important in this 
respect are the unicellular algae and diatoms 
which help make up plankton. These minute 
organisms utilize inorganic matter, converting 
it into forms which can be used by the higher 
animals, many of which in their turn afford food 
for still others. Thus hfe in the crowded waters 
of the ocean, as elsewhere, is a continuous strug- 




Fig. 221. The irregularity o£ this coast line is the result of depression of a rather hilly area, the numer- 
ous hnear indentations result from drowning of the lower land. (Aftei Bootiibay Quadrangle, Maine, U. S. 
Geological Survey.) 
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gle for existence, with a natural balance main- 
tained between life forms, excepting only that 
man, in his efforts to obtain a livelihood, may up- 
set this balance, frequently to his disadvantage. 

The Ocean Coasts, The seacoast presents a 
scene of continuous change. The erosive work of 
waves, ice, tides, and currents; sedimentation ac- 
companying denudation of the adjacent land, ac- 
tivities of organisms; and, last but not least, 
crustal movement, either elevation or depression, 
make instability the rule where land and sea meet. 


The character of any individual coast line at any 
definite time will depend upon the activities of 
the agents mentioned as producing change; the 
type of shore line on which they operate; and the 
stage of its development. In its initial stage, a 
coast line may be either regular or irregular but, 
later, irregularities tend to disappear with wave 
attack on headlands and filling of indentations 
by sediment. Eventually, therefore, all coast lines 
become regular, except as they may be rejuve- 
nated by uplift or depression. 



Fig. 222. This regular coast is the result of uplift which has exposed the flat ocean floor, 
thus forming a smootli coast hne. (After the Oceanside Quadrangle, California, U. S. Geological 
Survey. ) 
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Fig. 223. The harbor of Norfolk, formed by local submergence and drowning of the lower courses of the 
James River and its tributaries. (After Norfolk Quadrangle, Virginia and North Carolina, U S. Geological 
Survey. ) 

Effects of Depression or Drowning of the Land joining land. Submergence of a plain of slight 
Surface on Coast Lines. The horizontal line of elevation, for example, will produce a moderately 
contact of land and sea, the datum plane or level regular coast, with shallow bays resulting from 
from which elevations are measured, is known drowning of the lower courses of the rivers and 
as "‘sea level.” With either depression of the land flooding of bordering flat land. Such is the condi- 
surface below, or rise of the ocean water above tion of the Atlantic coast of Virginia and North 
this level, the sea invades the land to form a Carolina. By contrast, submergence of rugged 
new shore line. The character of this will vary or mountainous land surfaces produces very ir- 
with the land surface. If the bordering land is regular coast lines such as those of Norway and 
of slight relief, or relatively flat, the new coast Alaska, with many deep, narrow, steep-sided arms 
line will lack important indentations, except of the sea, or fiords, penetrating the land for 
where large rivers enter the sea. Otherwise, it considerable distances, 

will be irregular, the exact degree of irregularity Effects of Elevation and Mountain Formation 
being determined by the topography of the ad- on Coast Lines Uphft exposes the sea bottom, 
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the topography of which determines the charac- 
ter of the new coast line. If xiphft occurs border- 
ing a plains area of shght rehef, the new coast 
line will be regular, for sedimentation on the 
continental shelf adjoining such an area tends to 
erase ii regularities of the sea floor. Such a coast 
affords few harbors and is difficult to approach 
because of the shallowness of the water offshore. 
Except in areas of local subsidence subsequent to 
uplift, as noted for Tidewater Virginia and North 
Carolina, this is the condition of much of the 
Atlantic coast south of New York City, Mountain 
uplift similarly tends to ensure a regular coast 
hne, such as that of western South America, 
but, by conti'ast with conditions along the Atlan- 
tic and Gulf Coastal Plain of the United States, 
the water offshore is deep, for the ocean floor 
drops off abruptly. 

Effects of Erosion and Sedimentation on Coast 
Lines. Everywhere along coasts, waves, tides, and 
currents cooperate to alter the outhne of the 
shore. At the same time, rivers, wind, and other 
agencies of erosion contribute sediment, often 
in such amounts that it cannot be carried far from 
the land. Where this occurs, it is deposited as 
sand bars of various forms, or it may even form 
barrier beaches offshore, as well as shoal water 
alongshore to an extent to interfere with naviga- 
tion. 

Coast Lines Not Simple Actually, few coasts 
are the result of either simple depression or up- 
lift. Most have resulted from a complex series 
of changes of elevation, some local, others affect- 
ing extensive areas. Moreover, coast lines are 
also modified by local erosion and sedimentation, 
which produce marked differences in their char- 
acter within short distances, as along the Pacific 
coast of the United States. 

Harbors and Ports. Natural harbors are pro- 
tected indentations of the shore line, or sheltered 
bodies of water where ships can anchor, secure 
from danger of storm. The larger number are 
the result of subsidence, but some are formed by 
uplift, and the exact form and depth of any may 
also reflect the operation of other agencies such 
as glaciation. The most important harbors, such 
as those of New York, San Francisco, and London, 
are formed by submergence of river valleys, 
though lagoons and similarly sheltered waters 
sometimes afford satisfactory anchorages. A good 
harbor is one of considerable size, adequately 
protected from storm, of sufficient but not too 



Fig 224. San Francisco Bay, the haihor of the 
Bay Cities, was formed by local submergence and in- 
vasion of a break in the Coast Ranges by the waters 
of the ocean, which di owned the lower course of the 
Sacramento River. 

great depth of water to the shore line, with a 
moderate tidal range, "and with a good bottom 
for anchorage. Further, it should be ice-free. It 
should also be connected with the sea by a 
straight, wide channel of adequate depth, not 
obstiucted by sedimentation. Such a harbor will 
accommodate a large amount of shipping and the 
largest vessels satisfactorily. The moderate tidal 
range does not interfere with navigation and 
docking, yet debris is carried away and the water 
of the harbor is kept clean. Adequate depth near 
the shore allows vessels to dock and eliminates 
the necessity for lightering freight, and a satis- 
factory harbor depth and a good bottom permit 
vessels to lie securely anchored and safe, when 
winds are strong. Few harbors meet all these 
requirements, even measurably well. Many are 
too small or approaches are unsatisfactory, and 
dredging is often necessary to secure and main- 
tain adequate depths. Others are closed by ice 
too many months of the }"ear. In some cases, 
where coasts are regular, it may even be neces- 





Fig. 225. The harbor and port of Seattle, Washington, on Elliott 
Bay. (After Port Series No, 7, Part I, U. S. Army Engmeers.) 
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Fig. 226. Looking easterly across Elliott Bay and the city of Seattle, Washington. In the background is 
Lake Washington, and, beyond, the Cascade Mountains; to the left is part of Lake Union, connected with 
both Lake Washington and the Sound by canal This gives both a fresh and a salt water harbor This port is 
an important center for trade with Alaska and the Orient. (Courtesy of the Washington State Progress 
Commission. ) 


sary to construct artificial harbors, such as that 
of Madras. 

A harbor may possess all or most of the desir- 
able characteristics enumerated yet be of slight, 
if any, commercial importance, for it may be 
located where health conditions are poor or 
where no satisfactory city site is available. It 
may likewise lack adequate connection with the 
interior, or it may be unfavorably located with 
reference to highly developed areas which con- 
tribute freight. Again, it may not front on any 
of the oceans where the great trade routes of the 
world are located. Our important ports such as 
New York are therefore located: (1) where 
freight is available for shipment; and (2) where 
adequate though not necessarily ideal harbor 
facilities exist. 

The Importance of the Oceans to Man. To 
those who hve far removed from direct contact 


with the sea, the land which supplies so many 
immediate needs may appear important and the 
vast bodies of salt water, the oceans, which cover 
nearly thi'ee-quarters of the earth's surface, rela- 
tively unimportant, or even unnecessary. This 
erroneous belief, if entertained, illustrates the 
fact that the immediate and obvious is always 
more impressive than that which is remote, and 
therefore not apparent from direct, daily observa- 
tion. In reality, the oceans are of fundamental 
importance to man in the following respects: 
( 1 ) they affect climate, regulating temperatures 
and serving as the eventual source of our rain- 
fall; (2) they have a considerable recreational 
value; and (3) their dnect economic value as 
sources of food supply and minerals and for 
transportation is great. A favorable location with 
reference to the sea is, therefore, of vital impor- 
tance to man. 
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The Climatic Effects of the Oceans. The oceans 
are regulatois of land temperatures. Cooling 
slowly, they keep the land relatively warm m 
winter, heating slov’ly, cooler than it would other- 
wise be in summer, especially if winds blow 
toward the land Their currents, carrying warm 
water from the tropics into high latitudes, and 



Fig. 227. On the beach at Miami, Florida, where 
a fortunate combination of climate and shore line 
serve as the basis for an important winter-resort in- 
dustry (Courtesy of the Miami News Ser\dce.) 


cold water from polar areas equatoiward, modify 
temperatures in many latitudes. The regulatory 
action of the ocean on land temperatures is 
effected by means of winds. When they blow 
from over the water, the land is cooled in sum- 
mer and warmed in winter. At Portland, Oregon, 
for example, with winds from over the ocean, 
winter temperatures are modified sufficiently so 
that it is possible to pick roses in bloom out of 
doors at Christmas, whereas at Portland, Maine, 
more than 125 miles faither south, the ground 
is commonly frozen and snow-covered at that 
time. In the interior, far from the coast, Christmas 
temperatures are normally even lower than on 
the east coast at Portland, Maine. 

Our rainfall is part of the cycle of movement 
of water from sea to land and back to the ocean 
from which it came. Carried inland by winds and 
precipitated as ram or in some other form, it 
starts return to its source, the ocean, to complete 
the circuit. This return may be direct for the 
portion which runs off, or it may involve several 
reevaporations and reprecipitations before it 
reaches its final destination, the sea, in part by 
way of air currents. At last, however, all except 
that fraction used by plants and locked up in 
chemical combination in plant tissues, that part 
w^hich is combined chemically with constituents 
of the soil and rock, and the portion which finds 
its way into underground storage, returns rather 
rapidly to the sea. Where winds do not blow from 
w^ater to land, or where and when air from over 
the ocean is not imported to the land, precipita- 
tion is small in amount and semiaridity to aridity 
may prevail. It is fortunate indeed that the con- 
tinents are surrounded by oceans, which not only 
make land temperatures more equable but supply 
as well the water for life-giving rains. 

Recreational and Health Values of the Sea and 
Its Coasts. The maximum effects of the ocean on 
temperatures are experienced on its immediate 
coasts. There, both extremes of dryness and 
actual temperatures are normally absent. In the 
tropics, the modifying effect of sea breezes on 
both actual and sensible temperatures is often 
important throughout the year, but, even in 
intermediate latitudes, thousands seek to escape 
the heat and discomfort of our large cities during 
the summer months by establishing temporary 
residence at the seashore. In many of these 
coastal areas to which summer or winter so- 
journers come, scenic beauty and fine beaches. 
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where both bathers and those who enjoy the 
sand may disport themselves, add to the attrac- 
tion of the coast. 

The Ocean and Food Siipphj. The abundant 
life of the sea, especially in littoial waters, affords 
a food supply for man. Thus fishing is the major 
support of the population of Newfoundland in 
normal times. It is also important in Japan, where 
it not only affords support for the fisherman but 
the principal “meat” supply for thousands who 
till the soil or work in stores and factories. Not 
only does the abundant marine life, both plant 
and animal, of the coastal waters present man 
with economic opportunity but, farther from 
shore, the life of the waters over the banks or 
shallows, such as those of the North Sea and off 
Newfoundland, and of the deeper waters of more 
remote polar seas, functions similarly. 

The Mineral Resource of the Ocean. Every 
mineral occurring in the solid crust of the earth 
is found dissolved in sea water, though mostly 
in amounts so small that duect economical re- 
covery is impossible. Despite the huge total of 
the dissolved mineral content, an average of 3/3 
per cent by weight of sea water, the only minerals 
extracted directly in important quantities at pres- 
ent are common salt and magnesium. In China 
and India, for example, much salt is manufac- 
tured in the coastal provinces by evaporation of 
sea water and the same is true in Mediterranean 
areas and, to a lesser extent, in the United States. 
In Germany, magnesium is also obtained from 
the ocean waters, and we shall probably draw on 
this source of supply to an increasing extent in 
the near future. Indirect recovery of other miner- 
als by harvesting kelp, a seaweed which contains 
much potash, now carried on to a limited extent, 
may assume greater future importance if cheaper 
means of collection can be perfected. 

The Oceans as Highways. The oceans connect 
the lands, serving as the highways over which 
moves most of the trade between the continents. 
This is true not only for the trade of an isolated 
continent such as Australia with other great land 
masses, but for that between the two Americas, 
and between Asia and Europe as well, where land 
connections exist. Trade between two countries 
in the same continent likewise moves in consider- 
able part by sea under normal conditions, es- 
pecially that in the bulkier commodities, for 
example, coal from Germany to Italy. Even trade 
within a given country, if the commodities take 


up much space or are of great weight but of low 
value per pound, and the distance they must 
move is considerable, may be earned by water, as 
fiom the Atlantic to the Pacific coast of the 
United States by way of the Panama Canal or, 
occasionally, by the even longer route around 
Cape Horn. Though this is the condition today, 
despite our extensive system of roads and rail 
hues, it was not true early in human history, even 
though land transportation was then slow, inef- 
fective, and hazardous. At that time, oceans were 
barriers which man could pass, if at all, only with 
difficulty. 

However diverse the theories as to the origin 
of man and the place of its occuiTence, all agree 
that it was on the land and that, except as he 
might have been able to swim for short distances, 
the first man had no knowledge of how to move 
from place to place by water. How and exactly 
when he acquired this ability we do not know, 
thought it is probable that observation of floating 
reeds and logs suggested the possibility of their 
utilization as a means of transporting himself and 
his possessions. Great indeed must have been the 
elation of the individual who discovered that such 
crude craft could be propelled and their course 
directed by a stick or branch and, even better, 
that wind could be used to aid propulsion. Some 
of these earliest types of boats, progenitors of 
those of the present, are to be found today in 
northwestern Australia, where logs, pointed at 
both ends but not hollowed out, are still used to 
afford transportation by water. Even in China, 
many of the flat-bottomed sampans preserve dis- 
tinct traces of their descent from a small raft of 
three timbers, with their ends upturned. 

Man must have mastered the art of travel by 
water at a very early date for, as early as the 
Stone Age, he had boats, remains of which have 
been discovered in the Swiss lake dwellings and 
in the estuaries of England and Scotland, buried 
to depths of 25 feet or more. In Egypt, boats 
were known at least as early as 3000 B.C., and, 
at a comparably early date, in Babylon and other 
widely scattered areas, though their use for 
ocean voyages was more limited and of later 
occurrence. 

In part this was because of the fact that, though 
direction could be determined by observation of 
the sun and stars, this was possible only in clear 
weather. Therefore it was for long desirable to 
keep the land in sight, and early navigation oi 
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the sea was fiom headland to headland and 
largely confined to protected waters. The Chinese 
are supposed by many to have been the first to 
solve the pioblems of boat construction and to 
work out an art of nawgation, followed, even 
today, without essential change or improvement. 
Not until after use of the magnetic needle or 
compass, late in the thirteenth or early in the 
fourteenth century, were voyages out of sight of 
land possible for the navigators of the Western 
world. The actual inauguration of navigation as 
we know it at present did not occur until the 
early fifteenth century, under the leadership of 
the Portuguese, who developed methods which 
have been improved to an extent that it is es- 
sentially an exact science. 

Only during the past four and one-half centu- 
ries, therefore, have the oceans ceased to be 
barriers to the transfer of goods and the exchange 
of ideas. Not until after Columbus discovered 
America, for example, were maize, the potato, 
and tobacco known to Europeans, and many 
other parts of the world held similar surprises for 
their discoverers who arrived by water. Not only 
were the oceans long barriers to trade, but they 
hkewise served to keep population in and in- 
vaders out, for early migrations and invasions 
were much simpler where no water barrier inter- 
posed. Thus, though both China and India suf- 
fered numerous invasions in the distant past, 
Japan was for many ears protected by her insular 
location, though this is not so true today. Simi- 
larly, we have witnessed the gradual lessening 
of the former effective barrier function of the 
Atlantic Ocean. 

Man employs the sea for trade because ocean 
highways necessitate no expenditures for right 
of way, construction, or maintenance, except at 
the terminals. In addition, there are no heavy 
grades and a small amount of power will move 
huge tonnages of freight. Ships are also less ex- 
pensive to construct than trains of the same 
capacity, and fewer men are needed for their 
operation. Again, hazards are commonly assumed 
to be fewer on the ocean than on the land. All 
these factors reduce costs of the water haul so 
that ocean transportation enjoys marked advan- 
tages over that by land. 

To make these advantages of any importance, 
freight must be available in considerable volume, 
a condition which exists only on the borders of 
the great oceans where progressive and advanced 


populations live. This confines most of the great 
ocean trade routes to the North Atlantic and 
North Pacific oceans, particularly to the formei 
at present. In the South Atlantic and South 
Pacific, the volume of trade is much less; in the 
Polar seas, it is virtually zero. The present rela- 
tive importance of the oceans is, of course, subject 
to change, already in evidence in the increasing 
actual and relative importance of the ocean 
routes of the North Pacific. 

Though probably less hazardous than land 
transportation, ocean shipping is faced with cer- 
tain perils peculiar to the seas. Among the more 
important of these are violent storms, icebergs, 
fogs, and dangerous ledges and coasts. To count- 
eract these hazards and minimize the dangers 
they introduce, the great maritime powers main- 
tain weather bmeaus which supply mariners 
with information concerning the weather, in- 
cluding the location, size, severity, and paths of 
storms, thus enabling owners and operators to 
take precautions which will eliminate unneces- 
sary risks. In oceans where icebergs are of fre- 
quent occurrence in the shipping lanes, ice patrols 
are maintained to supply information as to their 
location, number, movement, and size, so that 
courses may be set intelligently. Here, radar can, 
and today does, play a part. In foggy weather, 
bell buoys and foghorns sound warnings which 
enable the mariner to steer a safe course. Protec- 
tion fiom ledges is assured by adequate charts 
and hghthouses to indicate their location. Harbor 
entrances are mapped accurately, channels are 
marked to permit safe approach and departure; 
and dangerous coasts are protected in similar 
fashion. In some cases, pilots familiar with local 
waters are employed to direct navigation of the 
more dangerous portions of the course. With all 
these safeguards, travel by sea on modern cargo 
carriers and ocean liners is one of the safest means 
of transportation. 

Before man attained his present stage of de- 
velopment, the oceans were much less important 
than they are today, when they are of such vital 
significance that interference with their proper 
function as carriers of trade brings great hard- 
ship, and even serious disaster, to large popu- 
lation groups. The oceans are today of impor- 
tance to the world in much the same way that 
the circulatory system of the body is important 
to the individual, carrying the lifeblood of com- 
merce, supplies necessary for existence, to popu- 
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Pemaqmd Point Lighthouse, east of Bootlibay Harbor, on tlie highly indented, rockv coast of 
Maine. (Courtesy of tlie Marne Development Commission ) 


lation groups. This expansion of the function of 
the oceans has revolutionized man’s ways of hfe. 
Fruits from the Southern Hemisphere today ap- 
pear in northern markets during the severest 
winter weather, yet we have only realized the 
beginnings of the possibilities as yet. To keep the 
ocean highways open is, therefore, essential for 
a continuation of progress. 

In view of the importance of the oceans as 
highways, every nation has ambitions to control 
adequate coastal frontage for much the same 
reason the individual property owner desires to 
possess ownership of the means of access to, and 
egress from, his smaller landholding to the high- 
ways he uses in the course of his daily activities. 
In remaking the map of Europe at the close of the 
First World War, for example, the desirability of 
affording an outlet for the newly formed country 
of Poland was recognized by creation of the 
Polish Corridor to the Baltic, despite the in- 
evitable risk of friction resulting from the split- 
ting of German territory. All of the larger and 
more powerful nations have access to the sea; 
where their ambitions for such access have not 
been achieved completely, this has resulted from 
the conflicting interests of powerful population 
groups. Only a few of the smaller and relatively 


weak countries are cut ofi completely from the 
oceans and handicapped correspondingly. 

Among the larger countries, however, the 
ocean frontage controlled differs considerably in 
both length and desirability. The U.S S.R., for 
example, with a territorial extent of slightly more 
than 14.5 per cent of the earth’s land suifface 
before the late war, had an extended coast line, 
it is true, but largely on seas frozen much of the 
year. Therefore few of its harbors were open 
at all times, and these were so far from most of 
the producing areas that the effective flow of 
ti*ade was hampered. To remedy this lack of 
adequate contact with the sea was impossible 
without alteration of existing national boundaries, 
or at least of national control of sea passages, a 
solution which would have met with opposition 
from those countries forced to relinquish territory 
or controls, and from other countries whose trade 
routes appeared to be jeopardized by such 
changes. Since the recent war, however, there 
has been some improvement of conditions so 
that, though still not ideal, they are much better 
than they were earlier m the century. 

Canada, in latitudes comparable to those of 
the U S.S.R., is similarly handicapped. The in- 
terior is far from seas unfrozen most of the 
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year, and lack of accessibility to ice-free ports on 
the east coast, tow aid wdiich most of the gram 
moves, results in shipment of much wheat from 
Portland, Maine, w^hen the St. Lawrence River 
is choked wdth ice during the winter months. 
By contrast, the 13,290,634 square miles of the 
British Dominions as a whole, approximately 24 
per cent of the earth’s land surface and support- 
ing nearly 25 per cent of the world’s population. 


aie highly favoied by coastal holdings in prac- 
tically all latitudes. This is undoubtedly one of 
the factors contributing to the importance of 
British commerce in world trade. The United 
States is likewise fortunate in its h outage on 
unfrozen seas, and particularly favored because 
of its extensive coast line on the two great oceans 
which cairy the major part of the world’s sea- 
borne commerce. 


QUESTIONS AND EXERCISES 


1. What is the comparative extent of land and 
water on the earth? The relati\ e size of the dif- 
ferent continents and oceans^ 

2. What is the continental shelf? What relation 
does it bear to the continents it borders? What 
forms its outer margin^ What are the surface and 
topographic conditions on the continental sheE^ 
What is tile extent of the great ocean basins? 
The depth of their waters? 

3. Why IS the water of the ocean salt^ How much 
mineral matter does the ocean contain^ Why is 
common salt more abundant than calcium car- 
bonate in ocean water? Wliy do the waters of 
seas differ in salinity? 

4. What are the temperatures of ocean waters? 
Why are they so uniform? Withm what limits 
do they vary^ What causes these variations^ 

5. Describe conditions on the bottom of the great 
ocean basins. Why is the carbon dioxide content 
of the water so high at great depths in the 
ocean^ What effect does this have on life? 

6. Why does ocean level vary on different coasts? 
How great is this difference on the coasts of 
India? 

7. What are the causes of waves? Which types of 
waves are most important? What causes ocean 
currents-^ What determines their paths^ How do 
ocean currents affect the habitability of areas? 

8. What causes tides in the ocean? Why are spring 
tides so high, neap tides so low? Of what im- 
portance are the tides to man^ 

9. Where is life most abundant in the ocean^ How 
abundant and varied is this life? How does tlie 
life of tlie ocean differ from tliat of the land? 

10. Describe the life of shallow and coastal waters. 
That of intermediate depths. That of the ocean 
bottom at great depths. 


11. What are the agencies producing change along 
coast Imes^ Why do all coasts tend to become 
smooth in time^ 

12. What effect does depression of different types 
• of coast have on coast lines? 

13. What type of coast line usually results from ele- 
vation of the ocean bottom? Under what condi- 
tions will mountain formation produce an irreg- 
ular coast Ime^ 

14. What is a harbor^ How are harbors formed^ 
Which of tlie types of harbors is most im- 
portant^ 

15. What are the characteristics of a good harbor^ 
Why is a moderate tidal range desirable m a 
harbor^ 

16. Under what conditions does a good harbor be- 
come an important port? 

17. In what respects are the oceans important to 
man^ How do they affect climate^ How do they 
produce these effects? What minerals do the 
oceans contain? What minerals do they supply to 
man? 

18. Discuss tlie importance of the oceans as high- 
ways Why are they more important for such use 
today tlian earlier in human history? How old is 
ocean navigation^ 

19. What advantages does ocean transportation 
ha\'e over that by land^ 

20 Why do nations strive for adequate contact with 
the sea? Why do some nations lack such access 
to the sea and others have only inadequate 
frontage^ Why is it difficult to remedy this lack^ 
In what respects has the U S S.R. improved her 
access to the sea recently^^ In what respects, if 
any, is this struggle for access to the sea playing 
a part m current world happenings? 


SELECTED REFERENCES 

Tarr, R. S., and Martin, L., College Phtjsiographtf, These three chapters contain an elaboration of 

The Macmillan Company, New York, 1914, Chaps. the text discussion of the oceans, their life, and 
XIX, XX, XXI. the movements of their waters. 



chapter Twenty-Six 

LIFE FORMS: PLANT AND ANIMAL 


Environment and Life Forms. Each factor of 
the physical environment is modified by its mter- 
action with others. Climate affects and is affected 
by land forms; soils reflect the influence of both. 
Similarly, the natural vegetation of an area repre- 
sents an accommodation to several environmen- 
tal factors, generally those of the present, though 
occasional lelict types may persist temporarily, 
even in the face of competition of other forms 
better suited to piesent conditions. These relict 
‘plant communities,’’ or groups of plants, may 
maintain their hold on an area for some time, 
largely because, with plants as with man, posses- 
sion IS “nine points of the law,” though compe- 
tition, the “tenth point,” will eventually dispossess 
them. 

Capture of any area by certain plant com- 
munities is not permanent, for not only do 
climatic, drainage, and topographic changes, 
occuirmg over long periods of time, cause modi- 
fication of the natural vegetation, but the vege- 
tation itself produces changed conditions, often, 
over relatively short periods of time, which cause 
one plant community to succeed another, irre- 
spective of the operation of other agencies. Thus 
change is the rule in plant life, with such bal- 
ances as are attained at any moment only tem- 
porary episodes in the total Hfe history of the 
flora of an area. 

In view of the fact that types of vegetation 
reflect climatic, topographic, soil, and drainage 
conditions, the natural vegetation, or the com- 
plex of plants typical of an area, affords an indi- 
cation of the general characteristics of the en- 
vironment as a whole, with local departures from 
the general character of the flora representmg 
responses to minor variations within the area. In 
this discussion of natural vegetation, the objective 
will be to establish the basis for the geographic 


distiibution of the major types only, in terms of 
environmental factois. 

Climatic Conditions and Natural Vegetation. 
The range of any species of plant is restricted 
by climate, but since most plants aie tolerant of 
considerable departures from the optimum, or 
most favorable condition for their growth, the 
natural vegetation of an area affords only a 
general picture of its climate. This is true not 
only as regards temperature and moisture con- 
ditions, the most important of the climatic ele- 
ments affecting vegetation, but for those of lesser 
impoitance as well. 

For any given species of plant there is a certam 
temperature range within which its existence is 
possible, with an optimum which ensures most 
vigorous growth. Fortunately, these ranges and 
optima differ greatly for plant species so that, 
for all parts of the earth’s surface not covered at 
all times with snow and ice, temperature condi- 
tions alone do not exclude the possibility of a 
vegetation covei of some sort. 

Where temperatures are high throughout the 
year, and other conditions are likewise favorable, 
plant growth may be continuous; where the 
frost-free season is limited in length, plants must 
accommodate themselves to the shorter period 
available for growth. This may be accomplished 
in a variety of ways. With annuals, or plants 
which grow and mature during the warm season 
of one year, a seed or some other structure which 
will reproduce the species is perfected to tide 
over that portion of the year during which normal 
vegetative growth is impossible and the plant 
itself dies. With perennials, or plants which live 
over a period of years, a resting stage, during 
which giowth ceases and most vital life processes 
are retarded or possibly even cease completely, 
may afloid solution of the problem of existence 
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Fig 229. Distribution of plant communities for the world. This map is highly generalized, for the 
scale on which it is drawm does not permit showing detail effectively. (After the U. S. Forest Service and 
others. ) 


during the cold months. This may be marked 
among herbaceous plants by death of the portion 
above ground, among woody plants, or shrubs 
and trees, by shedding of leaves Among the cone- 
bearing trees with needlelike leaves, though an 
adjustment to low temperatures occurs, it does 
not have any such easily observable manifesta- 
tion and therefore passes unnoticed by the aver- 
age person. 

Sunlight is necessary for the growth of all 
green plants, or those which use inorganic con- 
stituents of the soil and air as raw materials from 
which to produce organic matter such as sugar 
and starch. These serve both to promote vegeta- 
tive growth and for storage in seeds or some 
other plant structure designed to reproduce the 
species. In many areas in high latitudes, where 
the frost-free season is often so short that plant 
life might seem impossible, this handicap is offset 
by very long daylight periods, sometimes of sev- 
eral weeks in length, so that plant growth speeds 
up sufficiently to allow completion of the life 
cycle in a surprisingly small number of days. 
Thus the necessary length of the vegetative sea- 
son of a plant species is affected by the length 
of the daylight period and the percentage of the 
possible hours of sunshine during that period. 

All plants need water, but the amount required 
varies with the species. Some with low water 
reauircments are able to grow in deserts; others 


are adapted to swamp conditions; still others 
grow on well-watered uplands, each showing by 
its appearance and structure the moisture con- 
ditions favorable for its occurrence. Where water 
supply IS ample thi'oughout the year, plant 
growth may be continuous if tempeiature and 
other conditions are favorable, but where such 
is not the case, plants must accommodate them- 
selves to this variation in the supply of available 
water. In the tropics, this is often accomplished 
by perfection of structures which check evapoia 
tion, and by shedding of leaves; in intermediate 
latitudes, where the lower temperatures, espe- 
cially during the colder months, reduce the rate 
of evaporation sufficiently, shedding of leaves 
alone may be sufficient. 

Soils and Natural Vegetation. Responses of 
plants to climatic conditions are general, but 
those to soils are specific. Thus, within an area 
characterized by the same general type of vege- 
tation, such as an upland hardwood forest, the 
distribution of definite species is normally an 
accommodation to soils. Scrub oak, for example, 
will be confined to sandy areas; white oak will 
occupy better soils. Similarly, in areas of conifer- 
ous forest, jack pine will preempt poor, sandy 
soils; white pine, those which are more desirable. 
In the drier and generally treeless areas, where 
concentration of soluble mineral matter in the 
surface layers of the soil xs often considerable, the 
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effect of soils in determining the exact species of will be present in lesser numbers. Such a gtoiip of 

herbaceous or brushy vegetation is especially plants, adapted to the physical conditions of an 

marked, since tolerance of salt and alkaline mat- area, made up as it is of many individual species, 

ter is highly important in deciding the character is known as a 'plant community.” 

of the limited vegetation of these dry areas. In In our consideration of plant communities, we 
very high latitudes, as well, where the soils are shall recognize only four majoi groups, some with 

high in organic content and generally strongly two or more subdivisions, though a complete, 

acid, this characteristic hmits vegetation to a detailed classification would necessitate recog- 

few types of plants which grow effectively under nition of many more subtypes. The four major 

such conditions. communities recognized and described briefly m 

Plant Communities. Because of tolerance of the following pages are: (1) forest communities, 

plants for a considerable departure from opti- (2) grassland communities, (3) semidesert and 

mum climatic conditions, variable with the desert communities, and (4) polar communities, 

species, it follows that several types of plants Trees dominate the forest communities, with 
will find an area more or less satisfactory for other woody plants of secondary importance, 

their existence. Those whose requirements are Such grasses and other herbaceous growths as 

met most effectively will be dominant, others may be present are of only limited significance. 



Fig 230 Distribution of plant communities in the United States. The change from one type of forest 
to another is not as abrupt as might be inferred from the map Northern hardwoods gi\ e way by gradual 
stages to conifers; southern conifers to mixed stands and pure hardwoods. Similarly, grasslands of different 
types merge into one another gradually This is likewise true for the vegetation types shown m Fig. 229. 
\ After the U. S. Forest Service and others.) 
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Wheie best developed, m the true foiest, tree 
growth may be so vigorous as to exclude prac- 
tically all other forms, where conditions are 
somewhat less hivorable, brushy growths may 
assume considerable importance and even tall 
grasses may capture an appreciable fraction of 
the surface. In areas of fair to abundant lainfall, 
the forest competes with grassland communities 
for possession, preemption by forest occurring 
where rainfall, m association with high tempera- 
tures, is abundant, grassland communities assume 
dominance in the drier areas. 

In grassland communities the typical vegeta- 
tion is grass, perennial rather than annual, with 
other herbaceous growths of less importance. 
Trees, if present, are few in number, scattered, 
and confined to the wetter stream margins. 
Grassland areas in the tropics are often termed 
'‘savannas”, in intermediate latitudes, "steppes,” 
this name likewise being quite generally applied 
to all short-grass areas, irrespective of the latitude 
in which they occur. Prairies, found only in 
well-watered regions and characterized by tall 
grasses, are generally assumed to be occupied 
by plant communities which have not been dis- 
placed by forest, often because of man s inter- 
ference with the natural pattern of distribution 
of vegetation. 

Desert and semidesert communities, compris- 
ing both herbaceous and woody plants, are found 
only in dry regions such as the Sahara. The spe- 
cies making up these communities must have 
special adaptations to overcome the handicap of 
a small supply of water. 

Polar communities are composed of plants 
adapted not only to the rigors of the long, cold 
winters of very high latitudes and the low tem- 
peratures of high altitudes, but also able to 
maintain existence with a small amount of water, 
for precipitation in all cold regions is light and 
water is largely locked up in the form of snow and 
ice, and hence not available for plant use. In many 
essential respects, therefore, the vegetation of 
such communities bears a rather close resem- 
blance to that of desert areas. 

Though recognition of the plant communities 
mentioned is useful in picturing the geographic 
distribution of natural vegetation, definite de- 
marcation of the limits of each is impossible, 
since one community merges gradually into an- 
other. For example, forest may merge into grass- 
land through a parkhke intervening belt, and 


grassland may pass imperceptibly into bordering 
deserts. This absence of sharp boundaries results 
from the considerable tolerance of individual 
plant species for varied climatic conditions, a 
fact which has been pointed out earlier. 

Forests and Forest Types. Forests require 
much water. Theiefore their occmence is limited 
to those regions where lainfall is heavy enough 
to maintain an adequate supply of moisture in 
the subsoil, even during those peiiods when pre- 
cipitation IS temporarily deficient. Strong winds, 
low relative humidity, and other conditions which 
facilitate evaporation unduly are unfavorable for 
trees. The exact forest community of any par- 
ticular forested area is determined by the type 
and amount of variation from the optimum, 
within the fixed climatic and other limitations 
for effective tree growth. 

Evergreen Hardwood Forests Evergreen hard- 
wood forest communities occur at low altitudes 
in the tropics and on their margins, where rain- 
fall is heavy and well distributed throughout the 
year. Because of absence of either a dry or a 
cold season, shedding of leaves is gradual and 
trees are never bare. Therefore this is an ever- 
green forest. It is likewise a hardwood forest, for 
the trees do not have needlelike leaves, as do the 
conifers. Many of these tropical hardwood trees 
also have dense, hard wood, but this is not the 
reason they are known as hardwoods. In fact, 
some of the tropical hardwods have soft wood. 
Climatic conditions are optimum for tree growth 
in these forests, hence the vegetation is very 
luxuriant, and especially so in the tropical rain 
forests of the doldrum belt and of windward 
coasts where trade winds blow, if these coasts 
are backed by highland barriers. The stand is 
extremely varied in kind because many species of 
trees find the climatic conditions favorable. The 
trees are both of large circumference and tall, 
with an occasional forest giant towering to 
heights of as much as 175 feet, rising 75 feet or 
moie above the general upper level of the forest 
of which it IS a part. Since abundant rainfall 
keeps the soil continually moist, it is unnecessary 
for tree roots to penetrate to great depths to secure 
water. Therefore they spread out at or near the 
surface, tree trunks expanding at their bases into 
great buttresslike, and even stiltlike, roots The 
dense canopy of leaves overhead shuts out light, 
but the lower levels of the forest are neverthe- 
less a tangle of vines or lianas which, supported 
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Fig. 231 Top- Tropical ram forest of southern Nigeria, Africa To the right and left, the forest is un- 
broken but, in the foreground where light reaches the ground, there is much small growth 

Bottom, A waterway choked with vegetation in the drainage of the Rio Negro, Brazil. In tlie foreground 
are tlie great pads of the Victoria regia, several feet in diameter, m the background, the growth is so dense 
that passage by boat is difficult. (Courtesy of Theodor Benzinger.) 
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by the trees to which they chng, spread out their 
leaves at the higher levels where light is present. 
On the branches of the trees, smaller herbaceous 
plants such as oichids find a foothold and hke- 
wise a place in the sun. Everywhere is a luxuri- 
ance of vegetation unmatched elsewhere in the 
world, for nowheie else are conditions so favor- 
able for rapid and varied plant growth In slightly 
higher latitudes, on the margins of the tropics 
where the climate is somewhat less favorable, 
vegetation is much less exuberant, though the 
general character of the forest may be much the 
same as nearer the equator. 

Deciduous Hardwood Forests. In those parts 
of the tropics where seasonal deficiency of pre- 
cipitation causes plants to develop means of 


checking evaporation during the dry season, trees 
shed either all or part of then leaves. Because of 
this fact, such a forest is said to be “semidecidu- 
ous” or "‘deciduous,” dependent on the percen- 
tage of the leaves lost. In intermediate latitudes, 
long, cold winters will likewise cause trees to 
drop their leaves as a means of checking loss of 
water when the ground is frozen, and the amount 
of water available in the soil is inadequate to 
permit the evaporation possible if the leaves were 
letained. Most of the hardwood forest of inter- 
mediate latitudes is, therefore, deciduous in type. 
The trees are also adapted to climatic conditions 
by having relatively thick bark, which checks 
loss of water, necessary during the colder months, 
but large, thin leaves which facilitate evapora- 
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Fig 2^3. Palm and thorn forest, Tanganyika, Africa. ( Courtesy of Theodor Benzinger. ) 


tion during the warm season, when water is avail- 
able. Small herbaceous, woody, and brushy 
growths aie common where the floors of these 
forests are reached by ample light. Stands are 
not so varied as in the rain forest, that is, there are 
fewer species than in the evergreen hardwood 
forests of the lower latitudes, one or more being 
dominant, for example, oaks in an oak forest, 
oak and hickory in an oak-hickory forest; and 
beech in a beech forest. Other species, though 
present, are of only secondary importance. This 
is very different from conditions in the evergreen 
hardwood forests of the tropics, where no single 
species of tree is sufficiently important to impose 
its name on the forest community. 

Scrub and Thorn Forests. These vary in com- 
position from scattered woody growths compet- 
ing with grasses and other herbaceous plants to 
dense stands of small, often thorny tiees and 
other plants. Trees of such forests in the tropics 


are never large, seldom exceeding 1 foot in diam- 
eter, and they are generally deciduous, unless 
the amount of leaf surface exposed is exceedingly 
small. In the tropics, such forests occur in and 
on the margins of the savanna grasslands. 

In Califorma, in Mediterranean areas of the 
Old World, and m other regions with a similar 
climate, the forest is likewise scrub at the lower 
elevations, but the trees do not shed all their 
leaves at any one time, protection from excessive 
evaporation being secured by reduction of leaf 
surface, by development of thick, leathery, hard- 
surfaced leaves, and sometimes, though not char- 
acteristically, by thick, corky layers on the 
blanches and trunks of the trees. 

Coniferous Forests. Cone-bearing species or 
conifers give identity to these forest communities. 
The trees composing their stand contain much 
lesm and most of them have needle-shaped leaves 
which aie retained for several years and shed 



332 


ELEMENTS OF THE NATURAL ENVIRONMENT 



Fig 234. An open stand of oak on the lower slopes of the better watered canyon at the right merges 
into two types of brushy growtli, locally known as ‘^chaparral”, Santa Lucia Mountains, Monterey County, 
California The brushy growths on the upper slopes are dense thickets of chamiso; at the lower left, these 
are replaced by a tangle of manzamta (Courtesy of W S Cooper ) 


gradually, so that the forest remains green 
throughout tlie year. In forests of this type, the 
amount of small growth on the floor varies with 
the subtype. In the great redwood forests of 
northern California, the serried ranks of giant 
trees may rise from a floor carpeted with needles, 
often with almost no small growth; in the Douglas 
fir forests of the Puget Sound region, great ferns 
as tall as a man and much undergrowth are 
normally present. Similar contrasts exist between 
coniferous forests in other areas. In the south- 
eastern United States, for example, the stand is 
commonly open and the ground between the 
trees is covered with grass and brush, in virgin 
timber in the Lake States, much of the forest 
floor is bare of vegetation or, at most, covered 
by limited amounts of brushy undergrowth. 
Coniferous forests, composed of different species, 
extend from lower middle latitudes to the sub- 
arctic, where they are given the name of ‘"taiga” 
in Siberia. They likewise occur not only at sea 
level in the latitudes mentioned, but also at ele- 
vations over a somewhat greater north-south 
range. 

Coniferous Forests of Middle Latitudes, These 


are the most valuable of our commercial forests, 
supplying most of our lumber for construction 
and pulp for paper manufacture, for white and 
longleaf pine, Douglas fir, redwood, and spruce 
are suited to those uses. Moreover, the trees 
attain considerable and often great size. Fur- 
ther, many of these forests are close to markets. 
In the eastern United States, most of the 
commercially exploitable stand has been cut, on 
the Pacific coast, much still remains. Where lum- 
bering operations have been extensive, despolia- 
tion of the forest has given rise to a serious 
problem of effective use of the cutover land, 
much of which does not lend itself to profitable 
agricultural use. 

Coniferous Forests of the Subarctic. These 
merge with steppe grassland or the coniferous 
and hardwood forests of middle latitudes on their 
equatorward margin, and give way gradually in 
the higher latitudes to tundra or frozen swamps, 
where climatic and other unfavorable conditions 
prevent tree growth. Conifers such as larch or 
tamarack, spruce, fir, and others predominate, 
though there is a sprinkling of deciduous trees 
such as alders and willows in damp areas, and of 





Fig. 235. Contrasts of tree growth with elevation in California. 

Above: Scattered oaks and grassland of the Coast Ranges, where precipitation is light. Looking east 
across the Salinas Valley 

Below Coniferous forest of the Sierras, west of Lake Tahoe in the Sierras, where rainfall is ample in 
amount. 


aspen, birch, mountain ash, and others, where these higher latitudes, though precipitation is 
lumbering has occurred and fires have run, or light, soils remain moist and decay is slow. The 
where natural drainage is somewhat better. In floor of the upland coniferous forest is therefore 













Fig 237 A Puget Sound forest of Douglas fir in western Washington. The forest is dense and many of 
the trees are large, but there is also much small growth. This is the most important of the commercial 
forests of the United States. (Courtesy of the Washington State Progress Commission.) 


blanketed with a layer of slowly decomposing sphagnum moss. The growth period of these for- 
needles which smothers all small growth; m the ests is hmited by the short summers, the watei 
flat, poorly drained areas of spruce and other in the ground being locked up in the form of ice 
forested swamp, the ground is covered with during the winter months when temperatures are 
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consistently low. With this short frost-free season, mangrove makes up much of the growth, on the 

associated vith other unfavorable conditions, overflowed, wet, alluvial areas of the South, 

growth IS slow, ti'ees are small, and this and the cypress, gum, and swamp oaks aie among the 

species present make the forest more valuable commoner species; in swamp areas of higher lati- 

as a source of pulpwood than for lumber tudes, trees such as larch, or tamarack, and swamp 

Siiamp Forests The character of swamp-forest spruce replace the species characteristic of the 
growth is affected by wet soils, for not all species lower latitudes. Of these trees, the oaks and gums 

of trees thrive where soils are waterlogged and are hardwoods, the cypress, larch, and spruce are 

poorly aeiated. Thus, in the brackish waters of conifers. In part, they are deciduous, as larch and 

the coastal sw^amps of central and south Florida, cypress; in part they retain their leaves through- 



Fig. 238. Virgin longleaf pine forest, Choctawhatchee National Forest, Florida. Trees are widely 
spaced and much light reaches the ground, here covered by saw palmetto and grassy types of vegetation. 
(Courtesy of the U. S. Forest Service.) ^ 






Fig. 239 A mature stand of white pme at Cass Lake, Minnesota. In this view, there is considerable 
brushy undergrowth, where light reaches the ground, but in denser stands the amount of brush is inuc'h 
less. (Courtesy of the U. S. Forest Service.) 
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Fig 240 Taiga, or the subarctic foiest of Si- 
beria This forest, largely coniferous in type, cover- 
ing nearly 4,000,000 squaie miles, and almost 
untouched as yet, constitutes one of the woild's 
important reserves of timber, useful both as a soiiice 
of pulp and for lumber (Couitesy of Sovfoto ) 

out the year Hence swamp foiests vaiy in char- 
acter quite as much as do the forests of uplands 
and better drained regions. 

Grasslands Grasslands rather than forests 
characterize many areas in which soil conditions, 
poor diamage and aeration, intense cold, strong 
winds, deficient moisture supply, or repeated fires 
prevent forest growth, for grasses are well 
adapted to withstand all these handicaps, whereas 
trees m general are not. Grasses do not neces- 
sarily depend to any extent upon deeply stored 
moisture m the subsoil, but often, instead, upon 
water in the top few inches of the soil, and even 
this layer needs to be moist only during the 
warmei months In fact, if stored water is avail- 
able in the subsoil, the vegetation will normally 
be shrubs or ti'ees, which crowd out the grasses. 

Fig. 241 A stand of cypress along Wadboo 
Creek, Francis Marion National Forest, South Caro- 
lina The projections from the roots in the fore- 
ground are cypress knees, through which it is 
commonly believed the trees obtain air, though this 
may not be correct (Courtesy of the U. S. Forest 
Service ) 
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Fig. 242. Savanna grassland, southeast o£ Lake Victoria, Africa (Courtesy of Theodor Benzmger.) 


In grassland areas of light rainfall, there is as well 
a gieat profusion of flowering plants which affect 
the appearance of the vegetation cover markedly, 
especially in spring and fall. 

Tropical Grasslands. Savanna grasslands, the 
vegetation of which is composed of tall, rank 
glasses that do not form a continuous cover or 
sod, occur on the drier margins of the tropical 
forests. In them, the grasses, which attain heights 
of from 5 to 12 feet or more, dry out and die 
down during the dry season, at which time they 
are commonly fired by native populations. With 
the coming of the rams, the grass once again 
springs up, at first bright and green, but later 
to become haish and diy. Interspersed with the 
grassy vegetation are shrubs and small trees, to 
the low-hanging branches of which the grass 
often reaches. These trees increase in number 
and size m the zone of transition to forest to an 
extent that the country becomes parklike in char- 
acter On the drier margin of the savanna grass- 
lands, tall grasses and trees are displaced by 
shorter grasses, likewise growing in clumps and 
not forming a sod, but more widely spaced than 
in the true savanna. These, sometimes known as 


“steppe grasslands,’" merge gradually into true 
deseit as rainfall decreases m amount. 

Grasslands of Intermediate Latitudes The two 
major types of grassland of intermediate latitudes, 
tall and short, reflect differences in climate and 
accompanymg soil and water relations, as 
affected chiefly by water supply. This relation is 
determined not only by the amount of precipita- 
tion, but in part by soil peimeability and condi- 
tions favoring or preventing loss of water. In 
addition to the two major types of grassland 
mentioned, undrained areas are characterized by 
a growth of coarse, tall grasses, sedges, and reeds 
and, along seashores and occasionally inland, by 
plants which will grow in salt or alkaline water. 

Tall or Prairie Grassland. Tall grasses grow 
where soil moisture is distributed to a depth of 
2 feet or more and giowth is not limited by 
precipitation deficiency. In such areas, rainfall 
ranges from 20 to 40 inches and soil moisture 
may extend without break to ground water, at no 
time is all the water stored in the surface layers 
of the soil brought to the surface and used by 
the plants. 

With such an abundant supply of soil mois- 
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Fig 243. Bluestem Prairie in southeastern Cass County, Nebraska, along the Missouri River, in early 
September About 95 per cent of the vegetation is bluestem, but it is intermixed with a small amount of 
Indian grass and other plants, among which tlie mugwort or sage, the light-colored plant, is common. This 
field, with the water table 6 to 10 feet below the surface, is mowed annually, yielding 3 to 4 tons of hay 
per acre m good years. Contrast the height of the grasses with those in Figs. 242 and 244. (Courtesy 
of J. E Weaver.) 


ture, prairie grasslands depend on fires for the 
continuation of their existence. Repeatedly 
burned over, mainly by fires set by man, forest 
growth cannot displace the grass by encroach- 
ment; rather, indeed, grassland extends at the 
expense of the forest, where fires invade its mar- 
gin and kill the trees. Today, with fires excluded, 
trees grow satisfactorily throughout the prairie 
which formerly characterized much of the Missis- 
sippi Valley, west to the 100th meridian, and 
smaller, isolated sections of the eastern United 
States and the Gulf Coast. 

These prairies of bluestem grasses, needle 
grass, slender wheat grass, and other species, with 


bluestem most important, were one of the most 
distinctive features of the landscape noted by the 
early pioneers. In the spring and early summer, 
many herbaceous flowering plants almost com- 
pletely covered the ground with their colorful 
flowers before growth of the taller grasses con- 
cealed them. Today, except in a few small areas, 
this cover of native vegetation has been destroyed 
completely, for the prairies afiEorded some of the 
most valuable agricultural land in the United 
States, including that of the Corn Belt. 

Short or Steppe Grassland. Short grasses char- 
acterize areas where all available soil moisture is 
exhausted by plant growth. This type of grass- 
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land cover develops m areas of spring and early lOOth meridian to the Rockies in the United 
summer rainfall, with giowth of the shallow- States; to their east, the tall grasses of the true 
looted grasses confined to a short period follow- piairie are characteristic. Except undei irnga- 
mg the rams, then a resting stage. In a dry year, tion, the steppe grasslands are in general more 
the period of growth may even be so short that valuable for grazing than for agriculture 
maturity is not attained and seeds are not Marsh Grassland. Marsh grasslands include 
formed. The area of short grassland overlaps that both fresh- and salt-water areas, as do swamps 
of tall grassland on the drier margin of the latter, characterized by forest growth. Though salt 
the exact boundary shifting from year to year marshes occur for the most part along seacoasts, 
with variation in the amount of precipitation, they may also develop inland with alkalinity in 
This boundary is not only marked by a precipita- interior basins or other dry or relatively dry areas, 
tion difference but by one of soil as well, asso- as in Oregon and California. The fresh-watei 
ciated with the depth of penetration of soil marshes of the Sacramento and San Joaquin rivers 
moisture, which regulates the location of the zone of California and comparable marshes m south- 
of carbonate accumulation in the soil. If pene- ern Louisiana have been brought into profitable 
tration is slight, the accumulation of carbonate agricultural use, and the same is true to a lesser 
will be close to the surface and short grasses extent of those of the Everglades of Florida, 
will be the predominant type of vegetation; if Elsewhere in the United States, they are for the 
the zone of accumulation is at considerable depth, most part idle. Marshes with alkaline waters are 
or absent because no deposition occurs, tall valueless everywhere. 

grasses will be characteristic. Steppe grasses Desert and Semidesert Vegetation Few deserts 
make up the grassland cover of the Great Plains, are without vegetation of some sort. Only the 
which extend westward from approximately the wastes of shifting sand where plants cannot exist 



Fig 244. Short or steppe grassland, west of Boyers, Colorado, recovering from the drought of 1934 
The grasses are principally blue gramma and buffalo grass, the cacti, prickly pear, show that llns is a dry 
aiea. (Courtesy of the U. S. Forest Service.) 


Fig 245 Upper Lep, A giant Joshua tree, a yucca, near Kramer Junction, Mo]ave Desert, California 
This, one of the larger, treelike forms of the desert vegetation, shows \'ery obvious drought-resistant stiuctures 
Upper Right Giant cactus, columnar m form, thorny, brushlike palo verde, and other desert plants. 
Colorado National Forest, Arizona 

Bottom- Sagebrush in the Fishlake National Forest, Utah Sagebrush is a valuable desert plant, afFord- 
ing food for the nature animals and of importance as forage for livestock ( Courtesy of the U. S. Forest 
Service. ) 
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because removal of the soil from around their 
roots or burial by diiftmg sand kills them, per- 
petually ice-coveied areas of high latitudes and 
altitudes, and limited tracts of bare lock are 
destitute of all plant life Never, howevei, is the 
ground of deseits covered solidly with a carpet 
of vegetation, plants geneially being rather 
widely spaced because of the small amount of 
water available. Moreover, the vegetation is 
peculiar in type since it must exist with a limited 
water supply Theiefore almost all plants have 
some maiked sliuctural characteristics such as 
reduced leaf surface, thick, leathery, waxy 
leaves, or an extensive root system. Many of them 
likewise have the ability to mature during the 
short period when water is available, at which 
time they may bloom profusely. Where soils 
are alkaline, often true in dry areas, additional 
adaptations to such unfavoiable conditions are 
necessary. Again, m those latitudes where the 
winter months are cold, the peienmal plants must 
be able to withstand low temperatuies. 

The vegetation of deserts is both woody and 


herbaceous in type, some of the forms of each 
attaining considerable size. In the United States, 
the woody, shrubby, and treelike forms include 
sagebrush, creosote bush, greasewood, mesquite, 
yucca, and others. Cacti aie fleshy, other species 
resemble the herbaceous vegetation of bettei 
watered areas, but these live for onh short 
periods of time after the infrequent rains Some, 
such as sagebrush and palo verde, are deciduous 
perennials, checking evaporation when w^ater is 
lacking by^ shedding then leaves, others, with 
but few and thick, leathery leaves, retain them 
throughout the year. The forms of the desert 
vegetation are often weird, even many of the 
flowers are of unusual colors so that desert ves:e- 
tation, especially that of our southw^estern de- 
serts, is one of the advertised attractions of the 
area. 

Tundra Vegetation. On the polew^ard margins 
of the taiga, forest growth gives w^ay to the 
mosses, lichens, and sedges of the Aictic and 
Antarctic, and these m their turn to a continuous 
cover of snow' and ice which excludes all plant 



Fig 246 Tundra of the Lower Ob River, Siberia, with one of the inhabitants, a Samoyed, and his 
reindeer (Courtesy of Theodor Benzmger ) 
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Fig. 247. This tundra region, with a few small and scattered trees on the better drained slopes in the 
background, is in the Nenets National District of northwestern Siberia. Its Mongoloid pastoral population 
is dependent largely on reindeer for support. This is made possible by the light snow cover, for winters are 
long and cold and precipitation is tlierefore hght. Thus, even during the winter months, the vegetation 
cover is either exposed or co\'ered to such a slight depth that reindeer can graze, as shown above. 
(Courtesy of Sovfoto.) 


life. The portion of this area with a cover of 
vegetation is known as "Tundra.” 

Nowhere in the tundra are conditions favor- 
able for most forms of plant life. The frost-free 
season is everywhere short, seldom as much as 
two months in length. Therefore there are few 
annuals, and plants are mostly perennials which 
go through their active life cycle in a very short 
period of time. In addition, much of the area 
is flat and poorly drained. Therefore the acid, 
organic soils are filled with ice-cold water during 
the short summer, when thawing extends to a few 
inches below the surface* At all times the soils 


of this area, sometimes referred to as the "region 
of ever-frozen soils,” are frozen below the surface 
to great depths. The steeper slopes with better 
drainage, however, may be carpeted with bril- 
liantly blooming flowing plants during the rela- 
tively few warm months. The tundra and the 
desert thus have certam resemblances. 

Mans Modification of the Natural Vegetation. 
The organic and inorganic worlds of nature are 
interdependent to such an extent as to ensure 
only gradual change in the adjustments among 
the different plant communities. But man is al- 
most everywhere a disturbing element, mterfer- 
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ing with this balance. The eaith is not, it is true, 
best adapted to human use in its natural condi- 
tion. Therefore, wherever man establishes him- 
self permanently, or sometimes even temporarily, 
he proceeds to destroy certain elements of the 
indigenous vegetation and to substitute in their 
stead others better suited to his needs. These 
are "reluctant” growths such as cultivated crops. 
But with them, unfortunately, he likewise intro- 
duces species of plants, useless to himself, but so 
hardy as not only to interfere with production of 
crops but to crowd out native vegetation as well. 
Thus in relatively few areas occupied by man 
does the natural vegetation remain relatively un- 
disturbed, in many, it has been displaced almost 
completely. 

Though some modification is unavoidable if 
man is to utihze an area to maximum advantage, 
civilized man has unfortunately exceeded the 
amount of desirable change. The migratory sav- 
age hunter interferes but little with nature. He 
generally destroys little or no forest; he culti- 
vates few if any crops, he seldom, if ever, extir- 
pates useful plants. His other activities likewise 
commonly have but negligible effects upon the 
environment over limited periods of time. Even 
his destruction of the animals which afford a 
food supply is offset by his partial eradication of 
the carnivora which prey upon them. But, with 
adoption of a sedentary agricultural, or even a 
pastoral life, man at once declares war on the 
native vegetation and, with increasing progress, 
this war becomes ever more destructive. 

Deforestation, grazing, agriculture, and other 
activities of advanced populations take an ever- 
mounting toll of plant life, many species being 
destroyed completely. Thus the ravages of man 
upset the balance of nature and she, in turn, un- 
looses destructive agencies previously kept in 
check by the organic forces he has disturbed. 
Human improvidence then has its inevitable re- 
ward. Accumulated ill effects are now so extensive 
that no longer can the immediate return remain 
the prime consideration if disaster is to be long 
deferred. That this would eventually occur has 
been known for many years to those who con- 
sidered all the facts; today, only the most heed- 
less can fail to comprehend the seriousness of the 
existing situation. 

Animal Life. Except among some of the lower 
forms, animals differ from plants in mobihty but, 
despite their abihty to change location at will. 


individual species, even those which are migia- 
tory in their habits, have their range restricted 
by the environment. This is not to say that the 
fauna or animal hfe of two given land areas of 
essential uniformity of environment, but sepa- 
rated by hairier s, wnll be the same, for such is not 
the case. The animal life of Australia, for exam- 
ple, is markedly different from that of the other 
continents, and the Americas have forms of Hfe 
unknown in the Old World. 

The environmental factor most directly effec- 
tive in restricting the distribution of any given 
species of the larger land ammals is plant Hfe 
which, in turn, is Hmited by climate, soils, and 
drainage. The distribution of animal life is, there- 
fore, in reality affected by the environmental 
complex rather than by the manifestation of one 
of its effects, that is, plant life. The native vege- 
tation of an area determines the general type of 
the animal life because it affords food supply, 
either directly or indirectly. Grasslands, for ex- 
ample, support grazing animals, forest areas, by 
contrast, if the home of herbivorous animals, in 
general of those which browse rather than graze. 
In either forest or grassland, where herbivorous 
animals find conditions favorable, the food sup- 
ply for the carnivora is abundant and they are 
correspondingly numeious. 

Among the lower forms of animal Hfe, distri- 
bution is so complicated that no simple, accept- 
able relationship to the environment appears 
possible of establishment, many of the lower 
forms apparently being able to live under rather 
varied conditions. On the other hand, among 
even the lower, though not the lowest forms, 
some are rather restricted in range by environ- 
mental conditions. Thus the tsetze fly, which 
transmits sleeping sickness, is limited to the 
tropics, and among other insects certain species 
such as woodticks are restricted to forested areas, 
whereas grasshoppers are characteristic of grass- 
lands. 

Fauna of Forested Areas. The fauna of forested 
areas varies with the character of the forest: 
whether hardwood or coniferous; evergreen or 
deciduous. In the evergreen hardwood forest of 
the rainy tropics, except for insects, most of the 
animal life within the forest is confined to the 
treetops, including such forms as brightly colored 
birds, monkeys, snakes, and climbing carnivora. 
On the dark forest floor, where food is Hmited, 
larger animals are few in number, though insects 



346 


ELEMENTS OF THE NATURAL ENVIRONMENT 


are numerous here as elsewhere, but wherever 
the forest breaks down along slieam courses, ani- 
mals such as the crocodile and hippopotamus 
find conditions favorable. 

Since the deciduous forests of intermediate 
latitudes are moie open than those of the rainy 
tropics, food is generally more plentiful and 
larger forms of animal life aie more abundant 
at ground level. In the coniferous forests, how- 
ever, food supply is again somewhat limited and 
life is less diverse, except along their margins, 
or where the forest stand is of mixed chaiacter. 
In the taiga, animal life is likewise limited, 
but of considerable economic impoitance, for 
foxes, otter, mink, ermine, and otheis are fur 
beaiers. 

Fauna of the Grasslands. Grazing animals are 
dominant in grassland areas. Such regions in 
intermediate latitudes were originally the home 
of vast holds of bison and antelope in this conti- 
nent, and, in the savannas and other grassland 
areas of the tropics, where man's ravages have 
not depleted their numbers seriously, enormous 
numbers of antelope, zebra, and other similar 
grazing animals still exist. Associated with these 
are the carnivora winch depend upon them for 
food. Where trees appear in considerable num- 
bers, with merging of forest and grassland, the 
animal population becomes of maximum density 
and diversity, under the favoring conditions for 
both herbivora and carnivora. 

Fauna of Dcseit and Tundra. Sparse vegeta- 
tion cover in both desert and tundra is accom- 
panied by a correspondingly small amount of 
animal life on the land. In the deserts of inter- 
mediate and low latitudes, food supply is neither 
sufficient in quantity nor varied enough to make 
for either abundant or diverse forms of animal 
life. The tundra is further handicapped by low 
temperatures. Here, bird life is laigely migratory; 
the larger grazing animals, including the caribou 
and the muskox, must subsist on poor and often 
scanty pasturage; and the larger predatory ani- 
mals, typified by wolves, are relatively few in 
number and lead a piecarious existence. Only 
mosquitoes and stinging flies are numerous, and 
these only during the short summer period. On 
the poleward margin of this area, land fife dis- 
appears completely. 

Mans Modification of Native Animal Life. 
Early man thought of animal fife as hostile to his 
existence, except insofar as it afforded food sup- 


ply, For a long period, in fact, his superiority 
over the animals was actually in question and, 
even yet, tigers and snakes take a yearly toll of 
human life in India, elephants trample and de- 
sti'oy native fields m paits of Africa, and wolves 
constitute a real danger in the far north during 
exceptionally severe winters. Today, however, 
man has won out over the larger animals in most 
parts of the world, though insects and other 
smaller forms of fife still plague and harass him 
in many areas. 

Man has, in fact, often been almost too success- 
ful in liis eradication, purposeful as well as inci- 
dental, of the native animals. With destruction of 
the predators, some of the rodents such as the 
prairie dog have increased undesirably since the 
removal of their hereditary natural enemies. Fur- 
ther, introduced animals have occasionally de- 
veloped into serious pests, the rabbit in Australia 
being a frequently cited example. Another is the 
brown rat in the United States, estimated by 
government biologists to have caused a loss of 
more than $200,000,000 in 1943, principally on 
our farms. Upsetting the balance of nature by 
destruction of the forest cover which sheltered 
and afforded food for the native animals; drain- 
age of wet land and destruction of the breeding 
places of many birds; man-set fires which have 
devastated both swamp and upland forest and 
wiped out wild fife, and pollution of the streams 
which has killed the fish, plus deliberate and 
planned programs of extinction, have all con- 
tributed to a present condition to man s dis- 
advantage. 

Man and Plants and Animals. Though some 
aspects of the original environment of every area, 
including certain elements of the fauna and 
flora, handicapped eaily man, the life foims as a 
gi'oup weie an asset. They supplied food; ma- 
teiial for shelters, clothing and utensils; and, 
later, beasts of burden, to decrease drudgery and 
increase produccion. Dependent at first upon such 
wild plants as afforded seeds, roots, tubers, or 
other structures suitable for human food, man 
early succeeded in improving their quality and 
yield by cultivation, thus assuring himself of a 
more adequate and better food supply. More- 
over, he lightened his labors by domestication 
of the more promising of the wild animals such 
as horses and cattle, using them as draft animals. 
This was a long step forward. He also made use 
of birds and animals for his company and amuse- 
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ment but, in general, animals were domesticated 
primarily for utilitarian purposes and principally 
loT use as beasts of burden. 

Tbe continents were unequally supplied with 
kinds of plants and animals suitable for human 
food and with species which could be domesti- 
cated to advantage. Certain of the smaller grass- 
hke plants, which today furnish a large shaie of 
our cereal food supply, were widespread, but 
some like maize, or Indian corn, were unknown 
in Europe until after discovery of the Americas. 
Before then, also, the potato, though today a 
very important crop, was unknown in noith- 
western Europe. In addition to the two preceding 
Cl ops, the Americas also contributed tobacco and 
the tomato to world agriculture. Though foitu- 
nate in its native vegetation, the Americas were 
not so generously endowed with native animals 
which lent themselves to effective use. In North 
America, at the time of its discovery by Euro- 
peans, but one animal, the dog, had been domes- 
ticated by the native populations. In South 
America, an additional animal, the llama, had 
been pressed into service. Both of these are small 
and of only slight value for use in transportation; 
neither lends itself to effective use in agriculture. 
The native populations of the Americas weie thus 
unable to make more rapid advances in civiliza- 
tion, in part thiough lack of satisfactory beasts of 
burden. 

Though man s war on the larger animals has 
been won on most fronts, that on the insects is 
still in progress. In many areas, m fact, they are 
holding their owm and in a few cases causing 
man to evacuate. Thus the common housefly, a 
carrier of typhoid and other diseases, mns many 
a battle against the yellow races of eastern Asia. 
Similarly, the mosquito is a formidable enemy as 
yet in the great sw^amps of both high and low 
latitudes, and in the coniferous forests as well as 
those of the lamy tropics. Worse, certain species 
are carriers of malaria and yellow fever, diseases 
which incapacitate or carry off thousands each 
year. 

The v^ar on the lower forms of animal life is 
also still in progress in well-watered areas where 
man has established himself satisfactorily. In such 
areas, the known number of fruit pests alone 
numbers nearly 300 varieties. Each year, gardens 
are attacked and often ruined by cutworms, 
beetles, grubs, and other enemies; moths and 
borers destroy our trees; army worms, corn 


borers, and others, our ciops, in the South, cotton 
succumbs to the boh w eevil. Ants ai e often a veri- 
table scorn ge in the humid ti'opics and locusts 
are a similar affliction in the drier grasslands. 

Profitable grazing of hvestock is difficult, or 
even impossible, in many areas in the tropics, be- 
cause of insect pests. Where it is practiced, despite 
this handicap, leturns are generally low, for 
both the meat produced, and the hides as well, 
are of poor quality. Generally, therefore, where 
the grazing industry exists in such regions, it 
serves only as the basis for support of native 
populations, not to supply products which enter 
woild trade. 

Government entomologists estimate the annual 
national loss caused by insects at $ 1,600, OOO.OOO. 
Though mosquitoes lead m causing this, the 
ravages of the boll weevil yearly cost the country 
$121,000,000, and those of the corn borer and 
housefly only slightly less. Even the common 
clothes moth exacts an annual toll of $22,000,000, 
and termites nearly double that amount. Further, 
with removal of tlie barrier of isolation, and par- 
ticulaily since the development of air transporta- 
tion, these enemies widen the front and the extent 
of their attack, causing increasing damage and 
necessitating the expenditure of huge sums for 
the establishment of quarantines to check their 
spiead, and for their eradication where they have 
become established. 

Akeady many foreign pests, includmg the 
gypsy and bi own-tail moths, the European com 
borer, the Japanese beetle, the boll weevil, and 
otheis have gained entrance by rail, ship, and 
au'plane, and some 20,000 or more other species, 
not yet known in the United States, wait at our 
boideis. Even with quarantines established, 
spread of these pests is difficult to control Thus 
despite all our efforts, including the enfistment of 
apparently useful insects or other forms of life 
as aids, the gypsy moth now occupies an area 
of 35,820 square miles or more in New England 
and adjacent states, the corn borer has advanced 
to the west into hlinnesota; and the boll weevil 
has invaded all the cotton- growing areas m the 
United States except those of Cahfomia, Arizona, 
New Mexico, and western Texas. Many other 
pests have spread with equal or even greater 
rapidity. Not in om* generation, and probably 
never, will it be possible for man to much more 
than hold his own against his insect and other 
small enemies. 



348 


ELEMENTS OF THE NATURAL ENVIRONMENT 


QUESTIONS AND EXERCISES 


1. Why IS contmiious though slow change m the 
character of the native % egetation of an area the 
rule? How does tins explain relict plant com- 
munities? 

2 How does the character of the native vegetation 
afford an indication of the general environmental 
characteristics of an area? 

3. How do plants provide against climatic condi- 
tions unfav'orable for growth^ How does shed- 
ding of leaves accomplish tiiis? 

4 What is a ‘*plant community”? Name some of 
the more important of these commumties and 
discuss their composition 

5 Under what conditions do forest communities 
develops Grassland communities^ State the vari- 
ous types of grassland and describe the charac- 
teristics of each. 

6 What are tlie principal subtypes of forest com- 
munities and the characteristics of each^ 

7. Describe the characteristics of desert vegeta- 
tion. 


8 Describe the vegetation of the tundra. To what 
chmatic conditions is this vegetation adapted^ 
In what respects do the vegetation of the dry 
desert and tundra resemble one another? 

9. How do man’s activities affect the character of 
the native vegetation? In what respects have 
these activities been beneficial and in what re- 
spects detrimental? 

10. What crops did the Americas contribute to Eu- 
ropean agriculture^^ Of what importance was 
this contribution? 

11. Why is distribution of animal life less simple 
than that of plant life? Upon what factors does 
distribution of animal life depend? 

12. Compare the fauna of forested, grassland, and 
tundra areas; that of the different types of 
forest. 

13. How have human activities affected native ani- 
mal hfe? How has native animal life affected 
man^ 

14 Discuss man’s war on the insects. 
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Space Relationships and Individual Choice, 
When the city dweller chooses his residence, he 
takes into consideiation the appearance and state 
of repair of the house; the number, size, and 
arrangement of its rooms; and the heating, 
plumbing, and other conveniences. Similarly, the 
farmer investigates land productivity and the 
adequacy of the farm buildings before locating. 

In neither case, however, is this information alone 
suiOficient as a basis for intelligent decision. Thus 
the city resident should also know the accessi- 
bihty of the site under consideration to trans- 
portation, stores, schools, and churches; the size 
of the satisfactory neighborhood; and whether it 
is confined to a single street or compact and pro- 
tected from close-by undesirable surroundings. 
The farmer should hkewise know whether the 
tract of good land in which the farm is located is 
large or small; whether the shape of this body of 
land is such that adequate community services 
can be maintained economically, and he should 
also have information concerning the nearness 
and accessibility of markets, that is, whether 
good roads and rail service are available. 

Thus it is necessary, in either city or country, 
to know both the immediate or internal condi- 
tions of the site under consideration and its space 
relation ships: the location, size, and shape^of thp 
area in“wInoh^ house or farm is located, fgsi: 
though either a house or a farm may appear 
desirable after detailed examination of the 
premises only, additional investigation of its 
spatial relationships may disclose the reverse to 
be true. This is likewise a fact for units larger 
than houses and farms. For example, an area of 
considerable size may be favored by clim^, 
productive soils, and topography, yet be so inac- 
cessible that its agricultural value is slight. Again^ 
the size of an otherwise good agricultural area, 
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if too small, will decrease its desii ability and, 
similarly, its shape many constitute a handicap. 
For these reasons, space relationships, though 
considered last among the enviionmental factors, 
aie of great importance, since they enhance, de- 
crease or, in extreme cases, offset completely 
other favoring environmental assets. 

Location. Mathematical location, stated in de- 
grees of latitude and longitude, or in other units 
with definite quantitative values, is useful in that 
it enables definition of a point or the boundaries 
of an area with reference to the entire surface 
of the spheroidal eaith, but such location is not 
necessarily important in limiting the degree of 
oppoitumty or the character of human occupa- 
tion. For example, that a certain point on the 
earth’s surface 2 miles from Lebanon, Smith 
County, Kansas, 39° 50^ North latitude and 98° 
35' West longitude, has a mathematically or ‘"geo- 
graphically” cential location with reference to 
the United States fixes its position, and is possibly 
an interesting fact, but otherwise of little signifi- 
cance for, as such, it neither affords nor refuses 
opportunity, even though the spot is marked by a 
monument. 

By contrast, relative location, or location of an 
occupied area with reference to others, both occu- 
pied and unoccupied, as measured in terms of 
accessibility, not miles, is of great importance. If 
easily accessible, the location of an area is said 
to be ‘‘central”, if accessible only with dijfficulty, 
to be “peripheral” or marginal. A central location 
thus ensures ease of access to markets for both 
sales and purchases, whereas a peripheral loca- 
tion imposes the handicap of lack of such an ad- 
vantage. 

Locational Advantages of the Hemispheres, 
The earth may be divided into an infinite num- 
ber of hemispheres, the boundary line between 
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LAND HEMISPHERE 



Fig 248. Ihe Land Hemisphere, though including approximately six-sevenths of ihe land, is still 
more than half water, the Water Hemisphere, with only one-se\enth of the earth's land surface, is approxi- 
mately fourteen-fifteenths water This large percentage of water in both hemispheres reemphasizes the 
great extent of the ocean as compared with that of tlie land. 


the members of each pair being known as a 
"'great circle,” so called because it is of maximum 
diameter and circumference. With the equator 
as the dividing hne, the resulting hemispheres are 
the Northern and Southern, with a location in the 
former much better than one in the latter. This 
is because most of the land masses of the world, 
and the most highly developed and therefore 
most important areas, lie north rather than south 
of the equator. Similarly, the earth may be di- 
vided into the Eastern and Western hemispheres 
and these likewise differ in desirability with re- 
spect to relative location. The maximum of dif- 
ference in locational values among the pairs of 
hemispheres commonly recognized and named 
is that existing between the Land and Water 
hemispheres, divided by the great circle which 
passes midway between the pole of the Land 
Hemisphere, near London, and its antipode, the 
pole of the Water Hemisphere, located in New 
Zealand. 

Locational Advantages of the Continents Of 
all the continents, Europe is most favored by 
relative location at present, for it is in the North- 
ern Hemisphere, where most of the industry and 
commerce of the world are concentrated todav. 
It likewise fronts on the North Atlantic Ocean, 


where the most important of the great trade 
routes of the world are located and, to emphasize 
advantage still farther, it is near the pole of the 
Land Hemisphere. By contrast, Australia, with a 
location sometimes referred to as "down under” 
because of its antipodal location with reference 
to Europe (see Fig. 426), is handicapped greatly 
by its relative location, the poorest of all the con- 
tinents. North America, though slightly less fa- 
vored with respect to relative location than Eu- 
rope, ranks second among the continents, with 
a strong probability that the future will improve 
this standing. Like Europe, in both the Northern 
and Land hemispheres, North America fronts on 
both the North Atlantic and the North Pacific, 
the latter increasing steadily in importance as a 
carrier of trade with the development of eastern 
Asia. It is interesting to note that there is a con- 
siderable though not complete correspondence 
between the degree of development of the in- 
dividual continents and the excellence of their 
location. Thus Europe, the most highly devel- 
oped, has the best location; North America, with 
the second best location, is likewise second in 
degree of development. Where this correspon- 
dence disappears, for example in Australia, other 
favoring factors more than offset the handicaps 
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imposed by the poor relative location of that 
(particular) continent. 

Locational Advantages of Islands. Islands im- 
mediately off continental shores, commonly rep- 
resenting exposed poitions of the continental 
shelf, enjoy approximately the same locational 
advantages as do the continents with which they 
are associated in place and in geneial, therefore, 
they do not suffer from repressive isolation. With 
oceanic islands, however, this is not true, for 
some of them reach the extremes of peripheral 
location and associated inaccessibility for the 
known inhabited world. Because of this fact, 
such islands have often served as prisons or places 
of banishment, as did St. Helena for Napoleon. 

Oceanic islands generally represent the results 
of local crustal deformation and accompanymg 
Igneous activity, the island masses fiequently be- 
ing of volcanic origin in major part and bare of 
life when they first appear above the ocean sur- 
face. Far from other land, few forms of life can 
reach them. Seeds borne by the wind or by birds, 
and some which will float and survive soaking 
in salt water, supply the plant life, which is there- 
fore hmited in number of species. Animal life 
is equally limited as to kinds. Few or none of the 
larger forms are found, birds, insects, and other 
flying forms being best represented. Occasionally, 
this isolation may in time even lead to the de- 
velopment of new varieties, or permit the preser- 
vation of hfe forms found nowhere else, as on 
the Galapagos Islands, where uncouth sea hzards 
and giant turtles, the latter of which gave the 
name to the island group, have attracted atten- 
tion since the days of the sixteenth-century Span- 
ish navigators. 

Because off the beaten track, oceanic islands 
like Pitcairn, populated by descendants of the 
mutineers of the English ship Bounty, have some- 
times attracted those desiring to escape the at- 
tention of the world but later their descendants 
are handicapped in satisfying many wants, for 
ships do not call frequently. Thus even such a 
simple item as sewing needles may be impossible 
to secure except after a lapse of months. Even 
today, when we live in ''one world,’’ and though 
ignorance of current world events may be reme- 
died by radio, lack of the world’s goods in 
quantity and kind desired at a given time still 
persists Certain of these peculiarities resulting 
from extreme isolation give an island such as 
Pitcairn a news value entirely out of proportion 


to its aical or economic importance, causing 
stories concerning it to appear n regularly but 
with relative fiequency m the news columns of 
our papeis. 

Locational Advantages of Countries. Individual 
counti'ies, as well as continents and islands, eithei 
profit fiom central location or suffer from inacces- 
sibihty imposed by peripheral location. A country 
such as Chile, for example, located far off most 
of the major trade routes, suffers m its commer- 
cial relations as a result of this locational handi- 
cap, wBeieas the United States, fronting on both 
the gieat northern oceans which "connect” the 
most highly developed portions of the earth’s 
land smface, is favored by locational opportunity. 
Relative location has undoubtedly played an im- 
portant pait in shaping the destiny of Great 
Britain as a w’orld powder, though other factors, 
probably at least equally effective, have likewise 
been important. Situated at the pole of the Land 
Hemisphere, the opportunity presented by such 
a location is obvious and it is therefore in no way 
remarkable that the acquisition of far-flung 
dominions and other landholdings has accom- 
panied the commercial expansion facilitated by 
location. All countries, in either greater or lesser 
degiee, show^ these same effects of accessibility or 
its lack, though as has been pointed out earher 
the effects may be obscured in some degree by 
those of other environmental factors. 

Cities and Their Locations. Inasmuch as every 
urban aggregation represents a focus for some 
area, large or small, it is inevitable that each 
such aggregation possesses a central location with 
reference to the area which it serves. This focal 
asset derives from the pattern of the transporta- 
tion mesh and any relationship it may appear to 
bear to mathematical location is ordinarily more 
or less fortuitous. That a mathematically central 
location wall not in itself ensure inportant urban 
development has been demonstrated many times, 
deliberate selection of such a site, under the er- 
roneous belief that important growth would fol- 
low, not securing the expected results, whereas 
at an off-central mathematical location, at a focus 
of important roads and rail lines some distance 
away, a center of some size developed In some 
cases, m fact, the central location which makes 
the city a possibility is far from a mathematically 
central location with reference to the area served. 
New York City, for example, which serves as an 
outlet for much of the trade of the Upper Missis- 
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Fig 249. Two contrasted population concentrations: Centerville and Three Rivers, St. Joseph County, 
southern Michigan Centerville, witli a population of 820, has a mathematically central location with ref- 
erence to the county, indicated by its name, but it does not benefit from accessibility by either good roads 
or rail. Despite its matliematically central location, it would be still smaller and less important, except that 
it IS the county seat. Three Rivers, by contrast, with a population of 6863, though mathematically off- 
center in the county, is located at the junction of tliree rivers, important at an early date Today, it is like- 
wise a focus of highways, road and rail, and consequently it has developed as the most important and 
largest industrial center in the county. 


sippi Valley, has a marginal mathematical loca- 
tion with reference to this area for which it is a 
major outlet, though its relative location with 
reference to this same area is central, because it 
IS at a focus of existing means of communication 
and transportation and therefore accessible from 
all parts of the hinterland served by the cfty. 

Since accessibility is dependent on means of 


transportation, great metropolitan centers as we 
know them today are a recent development be- 
cause, prior to the construction of good roads, 
railroads, and other means for the effective move- 
ment of goods, it was impossible to focus the 
trade of a large area upon any single center. Thus 
in 1790, at the time of the first Federal Census, 
when roads were poor and rail lines were un- 




Fig. 250. The lower end of Manhattan Island, New York City, today probably the greatest urban 
aggregation in the world, made possible by de\ elopment of air, water, and land transportation to the point 
where it is possible to focus the trade of a large area on a single center. (Courtesy of Underwood and 
Underwood.) 

known, there were only five towns with popula- of the West by the Erie Canal did this condition 

tions in excess of 5000 persons in this country change materially. Similarly, less than 30 years 

and the largest of them all. New York, confined ago, there was only one city with more than 

to Manhattan Island at that date, had a popula- 1,000,000 inhabitants on all the Asiatic conti- 

tion of only 33,131. Not until after the opening nent with its enormous population, though today 



Fig. 251. A British 'life hne,” the route to the Far East and Australasia. Note the several islands and 
other holdings, some recently granted mdependence, which protect tliis route. 



354 ELEMENTS OF THE NATURAL ENVIRONMENT 



there are several, all having attained their pres- 
ent size only after improvement of transportation 
facilities. It should not be inferred from this, 
however, that movement of freight is effective 
everywhere in Asia, since in most parts of China, 
for example, the farmer cannot, even today, 
market his gram except within a radius of a few 
miles from the producing area. The changes in 
degree of urbanization, as affected by improve- 
ment of transportation, will be considered more 
fully in a later chapter in connection with a more 
detailed discussion of cities and their develop- 
ment. 

Change in Value of a Given Location. The 
value of a given location, no less than that of 
other factors of the environment, is subject to 
change with time. This change in value may re- 
sult from. (1) increase or decrease in develop- 
ment of the tributary area; or (2) changes in 


means of transportation which alter the relative 
importance of various focal points. These may 
operate singly or in combination. 

Thus a newly occupied area of great natural 
assets may produce an increasing volume of 
trade which is concentrated on a given point or 
urban center, thereby leading to a rapid increase 
of its importance and size, or the reverse may 
occur with exhaustion of the original resources 
and a deciease in the volume of trade. Either 
of these may take place without any modification 
of the transportation mesh, though in general this 
is not what occurs. 

Change in the means of transportation is like- 
wise important in producing alteration in both the 
actual and comparative advantages of given loca- 
tions. In the earlier history of the United States, 
for example, the rivers of the Mississippi Valley 
were perhaps actually, and certainly relatively, 


POPULATIONS OF ST LOUIS AND CHICAGO FOR SELECTED DECADES 

7840 7850 7860 7870 7880 7930 7940 

St. Louis 16,469 77,860 160,773 310,864 350,518 821,960 813,748 

Chicago 4,470 29,963 109,260 298,977 503,185 3,376,438 3,384,556 
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more important as highways than they are today, 
for roads were poor and there were no rail lines, 
under which conditions a focal location with 
reference to river highways was very important. 
St. Louis, with such a location, as inspection of a 
map will show, was therefore for many years the 
laigest and most important city of the interior, 
west of the Appalachians. As will be seen from 
the table on page 354, it was neaily foui times the 
size of Chicago m 1840, yet by 1940 Chicago wus 
more than four times the size of St. Louis. It wall 
be noted that, even as late as 1870, the tw^o cities 
were of approximately the same size and that, 
not until after 1870, with improvement of rail 
transportation and accompanying decline in the 
use of rivers, did the present discrepancy m size 
of the two assume continually increasing impor- 
tance, as the shift from river to rail gave Chicago 
a superior relative location. 

Strategic Location. Certain areas, quite apart 
from whether centrally or peripherally located, 
possess strategic significance in times of peace, 
and especially in times of war. In times of peace, 
they influence the flow of trade, in times of war, 
they serve as bases for the protection of national 
economic interest. Areas with such strategic loca- 
tions include straits, isthmuses, mouths of navi- 
gable rivers, mountain passes, islands located on 
major ocean routes, and points controlling or 
protecting canals, all located on or near highways 
of trade. All nations strive to acquire such strate- 
gic points as are necessary to protect the interests 
of the country concerned and, the more impor- 
tant the commercial interests of a given country, 
the more extensive these holdings, often of strate- 
gic importance only. This is illustrated by the 
numerous and widely scattered bases of this 
type acquired by Great Britain to protect her 
sea routes, holdings so widespread and numerous 
it is said correctly that “the sun never sets on the 
British flag.” One of these routes, by way of the 
Mediterranean, the Suez Canal, the Red Sea, and 
the Indian Ocean to the British Dominions of 
southern and southeastern Asia, and the south- 
west Pacific is of such great importance that it 
has been protected by the acquisition and forti- 
fication of several islands and other points, 
stretching from Gibraltar to Singapore and be- 
yond. Control of this route is of such great im- 
portance that the foreign policy of Great Britain 
is shaped to prevent any territorial acquisitions 
or national alignments threatening this hue of 


communication, which explains many actions of 
the British and their interest in the activities of 
the powers bordeimg the !vlediteiranean. 

The United States likewise has a sea loute, 
that from the Atlantic to the Pacific by w^ay of the 
Panama Canal, wRich is of great importance, both 
economically and strategically, since it obviates 
the necessity for a long and hazardous trip around 
South America. The most vulnerable portion of 
this route is the Panama Canal, winch connects 
the Pacific Ocean with the Caribbean Sea. Fortu- 
nately, the islands which border the Caribbean 
constitute a chain blocking approach to the Canal 
from the east, except by a few passages, most of 
which have been protected adequately for some 
time by seveial near-by bases. Of these older 
bases, that of Guantanamo is leased, the others 
are owmed. Until late in 1940, defense was weak 
to the southeast, in the Lesser Antilles, but this 
has now^ been remedied by lease from Great 
Britain of bases in Guiana, Trinidad, St. Lucia, 
and Antigua. The first one of these four will 
aEord an air base only, the other three, both air 
and naval bases, if desired Secondary protection 
to the passage between Cuba and PLuti has also 
been assured by a new^ air base in Jamaica. To 
the north, additional protection has been secured 
by an air base in the Bahamas and, still farthei 
to the east, by an advanced base for both fleet 
and aircraft m the Bermudas These last tliree 
bases, hke the preceding four, w^ere secured by 
lease fiom Gieat Britain Thus our present hold- 
ings convert the Caribbean into an American lake 
and aEord adequate protection to the Canal on 
the east, as w^ell as bases from wFich our fleet and 
air force can operate to guard our eastern sea- 
board and much of eastern South America. On the 
Pacific side, a base on Indefatigable Island, one 
of the Galapagos group of 12 large and several 
hundred small islands wath many volcanoes, some 
active, serves to protect the western approaches to 
the Canal. 

Since the late war has indicated the desirabihty 
of additional strategic outposts in the western 
Pacific as a protection against w^ould-be aggres- 
sors, w'-e shall retain bases in that area. These will 
form an approximate triangle, with one apex a 
few miles south of Kyushu, in Japan; a second in 
the Carolines, and a thii'd in the Philippines. 
These should aEord adequate protection to our 
Pacific coast. 

Form The shape or form of an area, as well 
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HARD SURFACED ——IMPROVED GRAVEL- 
FEDERAL ^ STATE <0> 
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Fig. 253. Warren County, central Tennessee, an example of a compact, circular county. Such a shape, 
however, necessitates irregulai boundaiies and often considerable attenuation in bordering counties. By 
contrast, the rectangular, compact subdivisions of southern Michigan, of which Gratiot County is typical, 
assure approximately equal advantages of shape to all counties. 


as its relative location, has much to do with deter- 
mining its desirability. On the one hand, an 
area may be compact, with the maximum of 
areal concentration within a given perimeter at- 
tained where the form is circular, on the other, 
it may be attenuated, or long and narrow, which 
ensures maximum extent of boundary as con- 
trasted with that associated with the circular 
shape. Insofar as form alone is concerned, the 
more compact an area, the more favorable for 
man aie conditions within its boundaries. 

Compact and Attenuated Counties. The 
advantages of compactness in small political sub- 
divisions have long been recognized, this recog- 
nition finding expression in the original delimita- 
tion of several roughly circular, early counties 
in central Tennessee and the Bluegrass region 
of Kentucky. Warren County, Tennessee, fur- 
nishes an excellent example of this type of county. 
This shape provided for maximum ease of com- 
munication within the county, for the radiating 
roads focused on the county seat, the economic 


as well as the governmental and mathematical 
center of the small political unit. For the com- 
plete subdivision of huger units such as states, 
it is of course true that the most practical compact 
county is the common rectangular one of those 
parts of the United States surveyed into town- 
ships and sections, rather than the circular or 
roughly circular counties organized in some of 
the eaily settled areas of the South. 

Compact and Attenuated States. Attenuation of 
a state, illustrated by California, and possibly 
even better by Tennessee, is likewise undesirable. 
In California, the results of attenuation, associ- 
ated with a north-south extent of slightly more 
than 700 miles as contrasted with a width of 
less than one-thmd that distance, and much less 
than that in the inhabited area, has been the 
inclusion of such diverse areas within the state 
boundaries that the northern and southern por- 
tions differ greatly in economic interests and 
political views. This diversity is reflected in al- 
most every election, and possibly may be said to 
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Fig. 254. Two attenuated states* California and Tennessee, with attenuation of the ecumene, or in- 
habited portion, particularly marked in Caiifoinia, 


find visible expression in two state universities, 
perhaps as well resulting from distances of travel 
made necessary by attenuation. 

The attenuation of Tennessee is even more 
pronounced in certain respects. Nearly 500 miles 
in length from east to west, it is only about 120 
miles in width from north to south in its widest 
part. Therefore its boundaries, though not its 
population distribution, show greater attenua- 
tion than do those of California. Though the 
smaller latitudinal or north-south extent of Ten- 


nessee does not involve the considerable variation 
in climate which characterizes Cahfornia, the 
changes in the character of the underlying rocks 
fiom east to west, together with accompanying 
changes in topography and soils, have made for 
at least as great if not greater changes in economic 
interest and population composition, all condi- 
tions which inteifere with evolving any program 
equally satisfactory to all parts of the state. In 
the peiiod piior to the Civil War, some parts of 
Tennessee found Negio slave labor profitable and 
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upheld slavery as an institution; others, with al- 
most entirely white populations, considered 
slavery undesirable. During the Civil War, there- 
fore, some parts of the state adhered to the North; 
others to the South. Though slavery has today 
disappeared, the former differences in economic 
interest and population composition still persist 
as effective forces to modify political beliefs. 
Thus attenuation still finds expression in the 
everyday life of Tennessee. 

Compact and Attenuated Countries. Advan- 
tages of compactness and disadvantages of at- 
tenuation become even more pronounced for 
countries than for their political subdivisions. 
Chile, for example, despite a central government 
designed to offset sectionalism, differs so greatly 
in the extreme north and south portions that 
satisfactory governmental policies are difficult to 
formulate, and this situation is complicated fur- 
ther by the problems of communication which 
impose physical handicaps on effective adminis- 
tration. Ivloreover, in the event of war, the ex- 
tended boundaries to be defended and the 


distances troops must be moved seriously handi- 
cap military operations and effective defense, thus 
jeopardizing national security. In a compact 
country, by contrast, these difficulties are absent. 

The handicaps imposed by attenuation apply 
not only where the area delimited by the political 
boundaries is elongated, as in Chile, but likewise 
in countries where the ecumene or inhabited 
portion IS attenuated. Thus Canada, though rela- 
tively compact with respect to the area included 
within her boundaries, suffers from attenuation, 
for her population is concentrated in a narrow 
strip more than 3000 miles in east and west ex- 
tent, paralleling our International Boundary. 
Further, this narrow ecumene is discontinuous to 
the north of the Great Lakes. Canada therefore 
furnishes an excellent example of the multiplica- 
tion of railroad mileage necessary, the differences 
in economic interests, views, and political view- 
points, and the difficulties of an administration 
satisfactory to all, m a country with a long and 
narrow inhabited area. 

Size. Classification is designed to organize in- 
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dividual items of fact with a view to presenting 
them in their propel setting with refeience to 
one another. When such organization is at- 
tempted, however, it becomes apparent that, in 
recognizing classes composed of similar items, 
certain borderline cases, difficult of pioper assign- 
ment, will be encountered. Thus, in everyday 
conversation, we use the terms ‘rich” and “poor” 
to describe individuals in terms of their material 
possessions, though it is obvious that many per- 
sons cannot be properly classified under either 
of these two headings. Terms used in classifying 
areas on the basis of their space relationships are 
likewise comparative terms such as “central” and 
“peripheral”; “compact” and “attenuated”; simi- 
lar to the terms “rich” and “pooi” in that they are 
without definite quantitative values. Thus, in 
much the same way that a given individual may 
be considered rich locally, but not by the stand- 


aids prevailing over a larger area, a place may 
have a ccntiail location with reference to a small 
aiea, but be peripherally located with reference 
to the land masses of the woild as a w'hole, or to 
one of their major subdivisions. 

In classifying areas on the basis of size, the 
tw’O contrasted classes recognized will be large 
and small, w Inch likewise introduces the problem 
of the proper assignment of borderline cases: 
areas intermediate in size between the two ex- 
tremes. This IS the same problem encountered in 
hsting areas on the basis of their locational and 
form characteristics, but it is neither disturbing 
nor important, for such borderline cases are in- 
termediate in their characteristics resulting from 
size, and the fact that they are borderline cases 
therefore assumes importance, since it supplies 
the key to an understanding of their limitations 
imposed by size. 



Fig 256. Lower Left A graphic representation of the range in size of our counties. San Bernardino 
County, California, the largest in the United Stales, is nearly two and one-half times the size of Massachu- 
setts, and more than 800 times as large as our smallest county, Arlington County, Virginia 

Above and Right, A graphic repiesentafaon of the comparative size of selected states. The area of each, 
given in square miles for land surface only, will assist in making effective comparison of then sizes possible. 
(Data according to the 1940 U S. Census ) 
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Fig. 257. A graphic representation of tlie comparative size of selected countries. The area of each, 
stated in square miles, should make effective comparison possible. 


Expressions of Size. Mathematical expression 
of size IS m some unit such as acres or square 
miles; the former used for relatively small tracts, 
the latter for those of greater areal extent. Thus 
the size of a farm may be stated in acres, that of 
a state in square miles. Such definite statements 
of size are useful for many pui poses, but for 
others it is preferable to consider comparative 
rather than actual areas as expressed in some 
conventional unit. One reason for this is that, to 
the average person, expressions of areal extent in 
square miles or some other similar unit have little 
meaning, whereas a statement based upon com- 
parison between a given area and one more fami- 
liar to the individual is much more informative. 
Thus, instead of thinking of New England as 
embracing 66,608 square miles, it is ordinarily 
more satisfactory to express its size in terms of the 


Political Subdivisions 
New England 
Rhode Island 
Connecticut 
Massachusetts 
Vermont 
New Hampshire 
Maine 
Minnesota 


Total Area in Square Miles 
{Land and Inland Water) 
66,608 
1,214 
5,009 
8,257 
9,609 
9,304 
33,215 
84,068 


areal extent of some political subdivision with 
the size of which the individual is famihar. It is 
much more satisfactory for many purposes, for 
example, to think of New England as 79 per cent 
of the size of Minnesota, or of its relationship in 
size to that of your home state, than to know its 
area in square miles, and the same is true for 
areas other than New England. (See Fig. 256.) 

Characteristics of Small Areas. Small countries 
must necessarily have small or relatively small 
populations, correspondingly small amounts of 
taxable wealth, and limited resources, both in 
kind and amount. These conditions are unfavor- 
able in times of peace and doubly so in times of 
national emergency. At an earlier date, some 
rather significant civilizations developed in small 
regions with limited but suflBcient resources for 
that early period, but today these same areas 
could hardly be classed fairly as of great impor- 
tance in world affairs since the handicaps of 
small size and the difficulties of adequate de- 
velopment tend to increase with increase in the 
complexity of Western civilization. 

The greatest difl&culty confronting small re- 
gions, especially if independent political units, is 
their lack of an adequate basis for varied oppor- 
tunity and their forced dependence on other 
areas or countries for too large a fraction of their 


(U. S Census, 1940) 
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necessities. The United States is the woikls out- 
standing example of a compact country of laige 
size which contains within its boundaries virtu- 
ally everything necessary for attaining a high 
degree of development without the necessity for 
drawing on other parts of the world to satisfy 
vital needs. Yet even this country must at the 
present time depend largely upon outside sources 
of supply for natural rubber and a hmited number 
of other raw materials. If this is true for our own 
country with its enormous and varied resources, 
it is inconceivable that a small country should 
afford all the raw materials of forest, field, and 
mine that are vital for modern industry. This lack 
of essential self-sufficiency, an unavoidable ac- 
companiment of small size, always imposes a 
handicap. Under such conditions, economic pres- 
sure, as well as external aggression, tend to pro- 
mote consolidations of the smaller political sub- 
divisions into larger units, sometimes only 
economic, but often more complete. This was 
apparent even before the late war, which has 
hastened the process. 

Small Counties. Too small size affects all types 
of political subdivisions adversely. It has been 
estimated that there are 3099 counties or their 
political equivalents in the United States. These 
range in size from 24 square miles for Arlington 
County, Virginia, to 20,160 square miles for San 
Bernardino County, California, the latter larger 
than any of the New England states except 
Maine, and nearly 40 per cent of the areal extent 
of the average state in this country. This great 
variation in size might be logical if it bore any 
relationship to population and wealth, but such 
is not the case for, in many instances, the small 
counties have small populations and httle wealth, 
whereas the larger ones may be both wealthy and 
densely populated. For example, Los Angeles 
County, California, with its great wealth and 
population of over 3,000,000, has an area of 
4080 square miles; by contrast, Carroll County, 
in north-central Kentucky, with but small wealth 
and a population only slightly in excess of 8000, 
has an area of 138 square miles, about one-thirty- 
first that of Los Angeles County. 

The smaller counties of certain of our states 
are sometimes an inheritance from the p^st, when 
communication was poor and the smaller political 
subdivisions may have had some justification, 
but in other cases they have resulted from de- 
liberate division promoted by would-be office- 


holders. Thcielore we today have many counties 
with populations of less than 5000 uhich maiii- 
tam complete sets of officials and carry on all 
county functions. Such small subdivisions in- 
crease taxes, decrease efficiency, and benefit no 
one except the holders of public office. Though 
their evils are widely recognized, local opposition 
too often prevents remedial legislation to correct 
the unfortunate situation. 

Small States. Our states differ greatly in size, 
as do our counties. At one extreme is Texas, with 
an area of 267,339 square miles, larger than any 
country in Europe except Russia, at the other is 
Rhode Island, embracing but 1214 square miles, 
less than 0 5 per cent the extent of Texas. Such 
great variations in size have no adequate basis in 
geographic conditions, even though occasional 
boundaries may be geographically justifiable, but 
find their explanation m the almost accidental 
establishment of many state boundaries in the 
absence of a factual basis for their location. 

Small Countries. Countries or independent 
governmental units likewise differ greatly in size. 
The Soviet Union, larger than South America; 
Great Britain with her possessions and depend- 
encies, embracing an area greater than that of 
North America; and the United States, almost as 
large as Europe, together include within their 
boundaries neaily 50 per cent of the total land 
surface of the earth. It is no wonder that these 
countries are sometimes referred to as the 
‘"haves”; certainly they have preempted a large 
fraction of the earth's surface and their apparent 
approval of the present division of the world s 
resources is understandable. At the other extreme, 
and contrasting markedly in areal extent with 
these great holdings, are such countries as San 
Marino, a small republic with an area of 50 
square miles and a population of 13,948; and, 
smallest of all, the principality of Monaco, only 
395 acres in size, smaller than many a wheat 
farm in our western states. Even such a small, 
formerly independent country as Estonia, on the 
Baltic, was but 18,354 square miles in area, 
smaller than San Bernardino County, and only 
slightly more than one-ninth the size of California. 

As pointed out earlier, the too-small country is 
handicapped by lack of the varied resources 
necessary for the complex industrial development 
which characterizes modern Western civilization. 
Within recent years, this has likewise made effec- 
tive, independent defense of national boundaries 
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impossible, tbougli this latter limitation may be 
less important in the future, in view of recent 
discoveries. Even though this may prove to be 
true, too many of the peactime necessities must 
still be supplied fiom areas beyond the national 
frontiers, with the lesult that these small countries 
are hemmed in by man-made tariff and impost 
walls so high that, no matter where the economic 
sun may be in the sky, the small country will 
always he in the shadow of one of these walls. 


The tariff may be an absurdity, as some maintain, 
but it IS a fact which, absurd though it may be, 
must be reckoned with by all who consider the 
problems of the small country, not emotionally, 
but logically. The result of this handicap is that 
these small units become economic satellites of 
their larger and more powerful neighbors, on 
whom they must depend for such measure of 
economic success and security as they may 
achieve, except as federation occurs. 


QUESTIONS AND EXERCISES 


1. Under what conditions and for what purposes is 
mathematical location of places or areas \alu- 
able^ Why is relative more important than math- 
ematical location in its effect on aieal potentiali- 
ties and human activities? 

2. Compare and contrast the relative advantages of 
locations in the various hemispheres. What is a 
great circle? How many such circles can be 
drawn on the earth’s surface? What great circle 
marks the division between the Nortliem and 
Southern hemispheres^ What is the boundary 
between the Eastern and Western hemispheres^ 

3. Why has London a better relative location than 
Auckland? Why is there a strong probability that 
the relative location of North America will im- 
prove in the future? What factors cause the de- 
velopment of Australia to be greater tlian might 
be expected in view of its peripheral location^ 

4. Why are the fauna and flora of oceanic islands 
limited in variety^ Locate St. Helena and de- 
termine its ownership. Why did it make a good 
place to which to banish Napoleon^ Locate the 
Galapagos Islands What peculiar life forms, not 
found elsewhere, occur on these islands? Of what 
importance to this country were these islands 
during the late war? Where is Pitcairn Island 
located? By what country is it owned^ Why 
does such a small island have considerable news 
value? 

5. Why is it proper to speak of the oceans as “con- 
necting the lands’? Why may a “central” rela- 
tive location be different from a mathemati- 
cally central location? Use New York City to 
illustrate. 

6. Name the five largest cities of the United States 
m 1790 What was the population of each at that 
date? Why were they so small at that time? 
How do transportation facilities in most parts 
of China render the alleviation of famine con- 
ditions impossible? What effect has this lack of 
communication had on city growth? 

7. What two factors operate to change the value of 


a given location for a city^ Which operated to 
change the relative value of the locations of St. 
Louis and Chicago between 1840 and 1940? 
Why did St Louis have a better relative loca- 
tion than Chicago in 1840, whereas that of Chi- 
cago IS better today? 

8. Under what conditions will an area be of stra- 
tegic significance!^ What classes of areas may 
possess such significance? Whyi^ Report on our 
holdings which protect the eastern approaches to 
the Panama Canal. 

9. What have been the effects of attenuation in 
California and Tennessee? Why does attenuation 
jeopardize both economic welfare in time of 
peace and national security in time of war? 

10. Why IS Canada, properly speaking, attenuated, 
though that fact does not show to good advan- 
tage on an ordinary map^ 

11. For what purposes are mathematical expressions 
of areal extent of value? 

12. In what respects are all small areas handi- 
capped^ Why did several early civilizations of 
importance develop in small areas ^ Why have 
they suffered a decline in relative importance at 
the present date^ 

13. What raw materials must this country import? 
From where are they secured? To what extent 
are we handicapped by this dependence on 
other parts of the world? 

14. What is the range in size of United States coun- 
ties? Is there any necessary correspondence be- 
tween county size, wealth, and population^ How 
did many of the small counties come into ex- 
istence^ Why are county consolidations difficult 
to arrange, even though desirable^ 

15 Report on the origin of the boundaries of your 
own state. Have these boundaries any valid geo- 
graphic basis and, if so, what^ 

16. Why is it proper to speak of certain countries 
as the “haves”^ What country has the largest of 
all national landlioldings^ The smallest^ What is 
the extent of the holdings of each? What is the 
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basis for support of the population of the small- 
est country^ 

17. What IS the size of a typical commercial wheat 
farm in the West^ How does this compare with 
the size of Monaco? From what common handi- 
caps do all the smaller countries suffer Name 
and locate several of these small countries. 
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18. How is it possible for the ^ery small countries 
to exist and preser\ e their national identity 
when surrounded by pow erful and covetous 
neighbors^ Illustrate by the Netherlands and 
Belgium Why are these small countries at best 
but economic ^^satelhtes’'’ of their larger neigh- 
bors? 

REFERENCES 

As the title indicates, tins reference treats of 
mathematical space relationships only. 

Van Valkenburg, Samuel, Elements of Political Ge- 
ogiaphif, Prentice-Hall, Inc , New York, 1942, pp 
91-115 

This reference supplies additional illustrations 
of the effects of location, size, and shape of areas 
on national ambitions and international relations 



PART FWE. HOW MAN OBTAINS HIS LIVELIHOOD 


Chapter Twenty-Eight 

PRIMITIVE HUNTING AND FISHING POPULATIONS 


Earltj Man and His Livelihood. Man's method be found scattered from the equator to the mar- 
of obtaining a hveiihood is affected by both en- gins of the polar ice sheets, but their numbers 
vironmentai opportunity and his stage of develop- are everywhere few and the regions they occupy 
ment, for each imposes limitations on the range offer only slight attraction. In all areas of greater 
of effective choice. Therefore, in certain areas, promise, man has made sufficient progress to 
early man made his living in ways very different have emancipated himself from the necessity of 
from those of the present. This was in part be- securing the means for his support in this un- 
cause of later alteration of the environment and satisfactory fashion. 

increased opportunity resulting from such change. These migratory hunting, fishing, and agri- 

but in greater part because, for long after man cultural populations of the present have little 
appeared on the earth, his lack of knowledge influence on the world in which they hve. Many 
prevented his^ making use of all existing natural of them are decreasing in numbers; some have 
opportunity, thus lestricting his choice of a already practically disappeared, either by ab- 
method of securing a livehhood. sorption or as a result of the ravages of introduced 

To the earliest human populations of the diseases and vices or merciless exploitation. Such 
earth, the immediate and obvious source of food interest as attaches to them is largely because 
supply was wild plant and animal life, which they afford illustrations of how man must have 
hkewise afforded materials for clothing, utensils, lived everywhere at earlier periods of time. Thus 
implements, and shelters. Thus hunting, fishing, they not only supply excellent examples of direct 
and the gathering of wild fruits, nuts, and other and intimate dependence on the immediate en- 
plant products furnished food and a supply of vironment, but contemporary illustrations of our 
other products necessary for existence and the ancestral life as well. In the following pages, a 
meeting of simple needs. Later, it was discovered few selected population groups of this type and 
that artificial propagation of some of the plants their methods of obtaining a livelihood will be 
of forest and grassland, such as seed-bearing described as illusti*ative of these facts. For the 
grasses and fruit-yieldmg bushes and trees, could sake of variety, the gioups chosen are from widely 
be undertaken to advantage. This adventure in separated localities which differ greatly, though 
cultivation marked the beginnings of primitive all have the common characteristic of possessing 
agriculture, which gradually assumed increasing a repressive environment. Thus some of the 
importance as a means of supplementing the food populations are those of regions of polar cold; 
supply obtained by hunting and fishing. For others, those of dry or desert areas; still others^ 
thousands of yeais, therefore, man must have those of the humid tropics, where it is too wet. 
been a migratory collector, hunter, fisherman The Eskimos: Nomadic Hunters of High Lati- 
and, toward tlie last and in lesser degree, an tudes. The Eskimos are inhabitants of the polar 
agriculturalist. margin of North America, its bordering islands. 

Even today, certain less advanced populations the coasts of Greenland, and the extreme north- 
still depend on hunting, fishing, and primitive eastern portion of Asia. Everywhere dependent 
agricultural production, leading a migratory or almost entirely on hunting for a living, they are 
semimigratory existence. These populations may forced to turn to the sea for most of their food 
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Fig. 258 Distribution of the Eskimo and the homeland of the Polar Eskimo, an essentially self-suffi- 
cient, primitive hunting population. Their homeland, shown in solid black on the map, is a fringing coastal 
strip, not covered by snow and ice throughout the year. This small population group of Polar Eskimo is the 
nortliemmost, as well as one of the most isolated in the world. 


supply and to satisfy most of their other needs, 
for the resources of the region where they live 
are much too meager to support even their limited 
numbers by hunting on the land alone. 

In many parts of the area at present occupied 
by the Eskimo, his former habits of life have 
been altered greatly by contact -with white popu- 
lations. Where this has occurred, with introduc- 
tion of jfirearms and other goods of the white man, 
the Eskimo has passed directly from the Stone 
to the Iron Age. Native dress has been modified; 
new foods have been introduced; diseases, in- 
toxicating liquors, and vices, formerly unknown, 
have worked great harm; and the Eskimo with- 
out some admixture of white blood is virtually 
nonexistent. Far to the north, however, on the 
west coast of Greenland between 76° and 79° 
North latitude, less than 1000 miles from the 
North Pole, a small group known as the ‘Tolar 
Eskimo” live much as did their ancestors, and 
thus will serve as an example of an essentially 
self-sufficient primitive hunting population of the 
high latitudes. 

The Homeland of the Tolar Eskimo. The home- 
land of the Polar Eskimo is the highly indented, 
steep, and rocky coast, where small, discontinu- 


ous, narrow strips of flat land bordering the sea 
afford favorable locations for settlement. Inland, 
the enormous sheet of ice which covers the in- 
terior of Greenland to great depths is everywhere 
in sight. In places, it even reaches the sea and 
from its front great blocks break off as icebergs 
which float away and melt in southern seas. The 
homeland is therefore a narrow ice-free strip, 
bounded by steep, rocky cliffs and the inland ice 
on one side, and by a sea frozen most of the year 
on the other. During the winter, it is daik and | , „ 
very cold. The average January temperature is 
— •13°F. and, even during the long daylight 
period of the short Arctic summer, the thermom- .V- ’ 
eter seldom registers as high as 50 °F. at the 
hottest time of any day. Soils are thin, and in 1 
many places the bare rock forms the actual 
surface of the ground. Therefore vegetation is 
limited both in kind and amount, since few 
species of plants will grow under this combina- 
tion of unfavorable conditions, and these not 
luxuriantly. There are no trees, but mosses and 
many^floy^ring plants which can complete their 
active hfe cycle during the short summer period 
carpet the ground wherever there is a layer of 
soil not covered by snow. Thus the landward 
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hunting ground of the Eskimo is limited both 
areally and in resouices, and he is forced to turn 
to the sea for most of his support. 

The Nomadic Eskimo Hunter and His Shelter. 
In a land of such limited opportunity, the inhabi- 
tants must move fiom place to place, shifting 
location whenever game becomes scarce; conse- 
quently no great store of possessions can be 
accumulated to advantage. In summer, the 
Eskimos live in skin tents or "tuples,’' made of as 
many as 50 to 60 sealskins sewed together and 
stretched over a framework of poles. In winter, 
the tuple is abandoned for a more substantial 
and warmer shelter with w^alls of stone, roofed 
with flat slabs of limestone or slate, and covered 
with grass and turf. Over this are spread the skin 
tents used during the summer months. This 
winter dwelhng, generally lined on the inside 
with sealskins, is called an "igloo.” When covered 
by snow, as it is during the winter months, it 
looks somewhat as though it were built of snow. 
The house of snow, the "iglooyak,” serves for 
only temporary or, at most, semipermanent use. 
When it is to be occupied for some time, it, like 
the Igloo, is lined with sealskins. 


With the coming of the long daylight period 
of the Ai'ctic summer, temperatures rise and the 
important hunting season begins. Then the roof 
of the igloo is removed and the sealskin tents 
again supply shelter. Thus, during the summer, 
the walls of the igloo remain exposed to the 
elements, which perform the annual houseclean- 
ing for the Eskimo housekeeper. With return of 
long nights and low temperatures heralding the 
approach of winter, the igloo is reroofed and 
reoccupied. 

Both summer and winter, the Eskimo lives 
near the sea from which most of his food is 
obtained, a site being selected where fresh water 
is available for drinking, where shelter from 
strong, cold winds is afforded by protecting cliffs, 
and where a good view of the sea, the more im- 
portant hunting ground, is available. Heat for the 
house, both summer and winter, is supplied by 
lamps: shallow pans of soft soapstone in which 
the blubber from sea animals is burned. The 
wick, which the Eskimo housewife takes great 
pride in keeping trimmed so that it will give a 
good flame, thus indicating her competence, is 
made of twisted moss. 



Fig. 259 Ak-a-ting-evaEs tupic, his summer home It is made of tanned sealskins, stretched over a 
framework of poles which have drifted to these inhospitable shores from distant lands with milder climates. 
The garments of tlie family are made from skins, this type of clothing being worn both summer and winter 
by the Polar Eskimo, (Photo by Donald B. MacMillan, Courtesy of the American Museum of Natural 
History.) 
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Fig. 260. Sip-soo’s igloo m a winter village Though built of stone, now that it is co\ered with snow, 
it looks somewhat like a snowhouse. The igloo is entered by way of a \estibule and a long tunnel which 
opens through a small hole m the floor of the igloo. During cold weather, the dogs sleep in the tunnel. 
(Photo by Donald B MacMillan, Courtesy of the American Museum of Natural History ) 


Food Supply of the Eskimo, The Polar Eskimo 
hunts summer and winter, both on the land and 
on the sea. On his success depends his life and 
that of his family, for all of his food is obtained 
from animals, which explains why the best 
hunters are so highly respected, they are good 
providers. Some of the food is cooked by boiling, 
but much of it is eaten raw and some of it is far 
from fresh, though in such a cold region food 
can be preserved for long periods of time if care 
is exercised in its storage. The Eskimo thrives on 
this diet, which would not seem attractive to us, 
and he does not appear to sniffer from lack of the 
varied fare to which we are accustomed. 

From the sea, the Eskimo obtains seal, wakus, 
narwhal, and beluga, the last a member of the 
dolphin family which sometimes attains a length 
of 10 feet. These animals supply not onlv meat 
and blubber but skins for some of the clothing as 
well. Land hunting furnishes caribou, Arctic 
hares, an occasional musk ox, and birds, which 
provide part of the food and, the last, some of 
the clothing, for underwear is made from bird- 
skins with the feathers worn inside. In open sea 
hunting, the kayak, a watertight canoe made of 


skins stretched over an interior frame, is used. 
In the deck there is an opening into which the 
paddler is lashed by a watertight ]oint so that he 
is able to ride the stormiest seas without danger 
and to right himself without shipping water if 
capsized. This is the most hazardous type of 
hunting, yet in this frail craft, operated by a 
double-bladed paddle, the Eskimo hunts wahus 
and other sea animals, which supply food and 
materials for his clothing and tents, during the 
summer months. 

Clothing and Utensils of the Polar Eskimo 
Clothing must be warm in this cold region and, 
since there are no plants which can be used, it 
is made of skins. Even the needles and thread 
used are supplied by animals, for the needles are 
of bone and animal sinew is used for thread. It 
makes very good thread, too, since it swells when 
wet, filling the holes made by the needle and 
thus keeping out water, highly important in this 
land of snow and ice. All skins are prepared for 
use by scraping and chewing, for there are no 
tanning materials in Greenland. This work, done 
by the women, is very hard on the teeth, which 
are generally worn down to the gums by the age 




Fig. 261 Two Eskimo building a snowbouse or iglooyak Constructed of blocks of hard packed snow, 
it makes a rather comfortable temporary shelter, but it would be but poorly adapted to permanent occupa- 
tion. (Photo by Donald B. Machlillan, Courtesy of the American Museum of Natural History.) 



Fig. 262. When the ice has melted or drifted away, the kayak is used for travel and hunting whenever 
tile weather permits Note how the paddler is lashed into the deck opening and the double-bladed paddle 
used to propel the kayak through the water. (Photo by Donald B. MacMillan, Courtesy of the American 
Museum of Natural History ) 
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of thirty. There are no changes of style in Eskimo 
land and both men and women dress much alike, 
all with a view to comfort and utility rather than 
appearance. 

The hunter’s weapons are likewise made from 
animal products. The bow is fashioned by splic- 
ing pieces of bone with sinew; snares for catching 
birds and other small game are also of sinew. 
Even the whip for driving the dogs, the beasts 
of burden of the Eskimo, has a lash of sealskin, 
and the sled used for transporting the hunter and 
his few possessions from place to place is made 
of bone and ivory, fastened by thongs. 

Before contact with white men, every want of 
the Polar Eskimo— food, shelter, fuel, clothing, 
and utensils— was satisfied from the home area, 
plus material washed up on its shores; but, with 
the partial breaking down of the barrier of isola- 
tion, change is occurring. The gun has today in 
considerable part replaced the bow and arrow 
for hunting; steel needles, those of bone; and 
steel strips, the ivory runners of the sledges. 
Despite these minor changes, however, the Polar 
Eskimo still depends almost entirely on the home 
area for food, clothing, shelter, and fuel. He still 
leads an essentially self-sufficient existence, in- 
dependent of the resources of distant lands. Just 
emerging from the Stone Age, he is still a migra- 
tory hunter. 

Other Nomadic Hunting Populations of the 
High Latitudes. The Arctic shores of the Northern 
Hemisphere also support nomadic hunting popu- 
ktions other than the Eskimo. In northern 
Eurasia, for example, many of the Ostiaks and 
some of the Samoyedes of the Lower Ob depend 
on the animal hfe of land and water for support. 
In the high latitudes of the Southern Hemisphere, 
however, such populations are few and their num- 
bers are limited. In Antarctica, the ice not only 
covers the land almost completely, but it even 
overflows to form a floating fringe of shelf ice in 
many places, thus rendering permanent primitive 
human occupation impossible. Only in Tierra del 
Fuego are environmental conditions even moder- 
ately satisfactory. There, the Onas of the main 
island depend on land hunting, principally of 
the guanaco; the Yahgans of the south, and the 
Alakalufs of the west, on the hfe of both sea and 
land. All three of these groups use the bow and 
arrow and, hke the Eskimo, all are just emerging 
from the Stone Age. In common with most other 
primitive populations, their numbers are de- 


creasing; of the original estimated 10 , 000 , prob- 
ably fewer than 1000 remain today. Advanced 
populations, it is true, may endeavor to preserve 
their own unfit, but seldom if ever the primitive 
population groups with which they come in con- 
tact 

Nomadic Hunting Populations of Dry Areas ^ 
In many of the drier, as well as the colder parts 
of the earth’s smdace, opportunity is too limited 
to tempt preemption by more advanced popula- 
tions. Therefore the aboriginal inhabitants still 
retain relatively undisturbed possession, many 
of their former characteristics, and most of their 
earher ways of obtaining a living. The Kalahari 
Desert of southern Africa is such an^area, still 
occupied in its drier central part by a debased, 
nomadic people, the Bushmen, whose life will 
be described to illustrate that of a nomadic hunt- 
ing population of dry areas. 

The Homeland of the Kalahari Bushmen The 
Kalahari Desert, the name of which is of Bechu- 
ana origin and means ‘"salt pans,” is usually con- 
sidered to include about 140,000 square miles, 
essentially the political subdivision known as the 
"Bechuanaland Protectorate.” Within this area, 
approximately 10,000 Kalahari Bushmen, divided 
into many small clans of a few families each, 
range from the marshes of the Okavango River 
and Lake Ngami southeasterly to the Limpopo 
River and, southwesterly, to the Nosob, with the 
greatest concentration in the better watered north, 
bordering the marshes of the rivers and depres- 
sions. Population, however, is everywhere sparse, 
for it requires much land to support a few in- 
habitants in this dry region. 

The surface of the Kalahari is generally undu- 
lating and covered to some depth by soil, often 
white or red in color, though interrupted in 
places by rocky ridges and isolated kopjes or 
small hillocks. Part of the region is a waste of 
drifting sand. With dunes rising from 20 to 100 
feet above the flat intervening areas, which range 
from 150 to 450 feet in width. In other places 
where soils are sandy, they are anchored by a 
scanty growth of grassy vegetation. Some of 
these dune sand belts, which attain a length of 
as much as 100 miles and a width of from 20 to 
50 miles, make travel locally very difficult. 

Temperatures are moderate to high throughout 
the year, January averages ranging from 85° to 
90° F.; those of midwinter are about 60° F. 
Daily range is great at all times of the year, for 
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this is a desert area. In the heat of a summer 
day, the thermometer may register as high as 
114° F. in the shade; at night, the temperature 
may fall to 50° F., or even lower during the 
winter. Further, rains are often accompanied by 
sudden drops of temperature of as much as 40 
degrees. There are only two seasons: a long sum- 
mer and a short winter. Heat is cruel in the 
former, cold often causes great discomfort dur- 
ing wmter nights. 

Rainfall is light, though the Kalahari, the 
""southern Sahara,” is not so dry as its northern 
counterpart, the true Sahara. Near Lake Ngami, 


on its northern margin, the annual rainfall reaches 
13 inches; in the south, near the Molopo River, 
the channel of which seldom carries water, pre- 
cipitation drops to 8 inches or less, very little for 
this warm area. Further, there is great variability 
in the amount received from year to year. The 
weather is most disagreeable before the rains. 
At that time, there has been no measurable pre- 
cipitation for perhaps 10 months or more; the 
winds, commonly strong and dust-laden during 
the heat of the day, are hot as if from a furnace; 
everything is parched and dead. Day after day 
it is the same. When the rams begin, the last of 
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Fig. 264. A group of Kalahari Bushmen and their reed shelter. (Courtesy of tlie South African Rail- 
\va)S and Harbours.) 


December or the first of January, they are ex- 
ceedingly violent downpours, as much as 2 inches 
of water often falling in one hour. By the end of 
February, the rams are over and the country is 
at its best, but health conditions are poor. “Pans,’’ 
or shallow depressions, are now full of water 
and mosquitoes are everywhere. Malaria, black- 
water fever, dysentery, and enteric fever flourish; 
pneumonia and, of late, influenza as well are 
common. The Kalahari is not a health resort dur- 
ing the wet season; at all times its chmate is 
trying to whites. 

With this amount and distribution of precipi- 
tation, river beds are dry throughout their length 
most of the year, in their lower portions, choked 
with drift sand, they may never contain standing 
water. Even in the better watered areas, they are 
only a succession of pools and contain httle or no 
running water. Everywhere, therefore, but little 
il any of the water of the rivers reaches the sea. 


The play as or intermittent lakes and the pans 
contam water, generally brackish, for only a short 
time, during and after the rains; when they are 
diy, many of their beds are covered with incrus- 
tations of salt. Tliroughout the Kalahari, water 
supply is limited, difiBcult to secure in adequate 
amount and satisfactory quality most of the year, 
and often impossible to locate at the surface. 

During the dry months of winter, the soil is 
often bare or the solid rock is exposed; during 
and after the rams of summer, by contrast, the 
ground is generally carpeted with vegetation, for 
many herbaceous plants spring up from tuberous 
roots at that time, thus affording a food supply 
for animals. In the south, the sparse vegetation 
is limited essentially to Bushman and meadow 
grasses, 2 to 3 feet in height, woody growths 
being almost entirely lacking. Farther to the 
north, however, there are dense thickets of acacia 
along the rivers and, in places, ti'ees of some size. 
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Fig. 265. An old Bushman and child in front 
of a shelter built of reeds, with another child in the 
interior. One of the children is naked, the other 
wears a breechclout, the old man is clothed more 
completely and wears numerous ornaments as well. 
(Courtesy of the South African Railways and Har- 
bours. ) 

In general, however, the ground is seldom cov- 
ered soHdly by vegetation, and in most places 
plant growth is sparse and always of drought- 
resistant types. 

The Kalahari is a great game country, espe- 
cially in the Ngami region and the Okavango 
marshes, immediately after the rains when water 
supply is abundant in the pans and the quickly 
matuiing herbaceous growths ajfford an abun- 
dant food supply for grazing animals. The larger 
herbivorous animals found at this season include 
various species of antelope such as the kodoo and 
blesbok, the oryx or gemsbok, and the gnu or 
wildebeest; zebra, giraffe; and numerous others, 
aU of which furnish food for the predators: lions, 
hyenas, wild dogs, jackals, and many more. 


Smaller foiins of animal life such as rabbits, rats, 
mice, and bats are hkewise numerous at this 
season, and birds frequent the area in enormous 
numbers, both those such as quail, grouse, par- 
tridge, ducks, and geese, and raptorial birds like 
eagles, hawks, vultures, and buzzards Reptilian 
and insect hfe is also abundant and much in 
evidence, white ants in particular being a great 
plague, though one variety, the “Bushman’s rice,” 
an ant with a long body and a black head, affords 
part of the food supply of the native population. 
For a short time after the rains, therefore, it is a 
time of plenty for the Bushmen, for food is not 
difficult to obtain and water is easy to secure. 
But the wet season is short and, with its close, 
water supply is limited, the animals migrate 
with drying up of the pasturage, and existence in 
the Kalahari, even for the Bushman who knows 
it best, becomes difficult and precarious. 

The Shelters of the Bushman. Since he is a 
migratory hunter, changing location frequently 
throughout the year within fixed clan or tribal 
limits to follow the game which affords most of 
the food supply, the Bushman can neither ac- 
cumulate many possessions to advantage nor does 
he find it practicable to construct a substantial, 
permanent shelter. For protection from the 
weather, therefore, the Bushman uses caves, shal- 
low holes, or a few branches stuck in the ground, 
either with or without a grass or skin covtfr. Often 
he may put up only a semicircular screen of 
brush, not more than 3 feet high, with a fire in 
the opening to raise the temperature and keep 
off animals. With such protection from the ele- 
ments, he sleeps, curled up like a dog, in a hole 
scooped out in the ground, with his head toward 
the screen, his feet toward the fire. In the Ngami 
region, where reeds are abundant in the marshes, 
he may use reed mats to build crude huts or as 
a protection to windward in a natural rock shel- 
ter. During wet weather, he is miserable, for he 
has no adequate protection from the ram. 

Clothing and Utensils of the Bushman. Cloth- 
ing is scanty and made largely from the skins 
of animals. During the heat of the day, the men 
wear very little, often only a breech clout, a piece 
of skin threaded on a sinew or cord, passed be- 
tween the legs, and tied in front to a cord around 
the loins. The women wear a piece of skin, hang- 
ing from the waist to the knees in front, and some- 
times one in the rear as well, both secured to a 
cord around the waist. When two are worn, they 
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form almost a complete skirt. Heads are never 
covered, but skin or bark sandals are sometimes, 
though not generally, worn. These complete the 
daytime wearing apparel of the weU-dressed 
Bushman, which is supplemented by numerous 
ornaments and, among the women, by the use of 
native cosmetics. At night, when it is colder, a 
kaross or cape made by sewing several skins to- 
gether is worn by both men and women. Both 
smear their bodies with “bucher,” a native oint- 
ment made from red or white clay, mixed with 
fat. This collects dust and, since never removed 
and bathing is unknown, it eventually forms a 
solid crust which is proof against the most per- 
sistent and effective of the insect pests, and a 
protection from the sun. Since all Bushmen are 
verminiferous and the sun is very hot in the 
Kalahari, this very obvious ‘rind,” though other- 
wise objectionable, has a practical value. 

Household utensils are limited to the shells 
of ostrich eggs and a few crude pots. The egg- 
shells are used in halves as cups; the whole 
shells, drilled and plugged, for storing water. 
Practically all food is eaten raw, or, at most, 
half cooked by broiling over an open fire. There- 
fore few containers, other than for water, are 
necessary. Fire is obtained by use of “fire sticks.” 
These consist of a drill of hard mopani or acacia 
wood and a piece of soft wood such as commi- 
phora, on which the drill is rotated by hand until 
the powdered soft wood glows. Then dry moss, 
used as tinder, is added and fanned into flame 
by blowing. With this procedure, a fire can be 
kindled in from 5 to 7 minutes. Housekeeping 
arrangements in the land of the Bushman are 
thus very simple; the principal problem of the 
women is the securing of an adequate supply of 
water. 

The weapons and tools of the Bushman include 
bows and arrows, knobkernes or throwing sticks, 
knives, assagais, fire sticks, and digging sticks. 
The hardwood bows, strung with sinew, are from 
2/2 to 3 feet in length; arrows are made of reeds, 
wound to prevent splitting, or of wood. They 
are tipped with stone, bone, or, occasionally, 
iron, with a barb of quill. Knobkerries or throw- 
mg sticks, made from a bush with a large root, 
are from 2 to 3 feet in length, with a head at 
one end as large as a man's fist. Stone knives, 5 
inches in length, or of bone, as much as 9 inches 
long; and assagais or spears, 5 to 6 feet in length, 
are sometimes used but not commonly. The knob- 
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kerry, foi use at distances of from 25 to 30 feet, 
and the bow and airow, effective at distances of 
not to exceed 250 feet, are the principal weapons 
used in war and for hunting game. To increase 
their effectiveness, arrows aie dipped in a gummy 
poison of great virulence, compounded from 
probably variable but not definitely known local 
ingredients. Large game is hunted with the bow 
and arrow or is caught in traps and pitfalls; the 
knobkerry or kibi is used only for killing smaller 
animals and birds, which are also sometimes 
snared. Digging sticks, used by the women for 
securing succulent tuberous roots of desert plants 
to supplement the diet of meat, consist of a 
3-foot shaft of hard wood inserted through a 
hole drilled in the center of a round stone 4 or 
5 inches in diameter. The end of the shaft pro- 
trudes 6 to 8 inches beyond the stone, which is 
wedged tightly in place and designed to give 
weight and leverage in digging. 

Food Supply of the Bushman The Bushman 
has no domestic animals save a few half-wild 
dogs, used in hunting, he cultivates no gardens 
or fields. His dependence for a food supply is 
mainly on the results of the chase and some fish- 
ing, supplemented by roots, tubers, and other 
wild plant growths, plus honey, when obtain- 
able. Bushmen are famous trackers and hunters; 
their sight is extraordinarily keen and, to them, 
the veldt is an open book. Stalking of game has 
been developed almost to an art, for only the 
successful hunter and those dependent on him 
survive, and, to be successful, close approach to 
the quarry is necessary with the crude and in- 
effective weapons used. Sometimes game is run 
down and killed, especially if it has first been 
wounded. Bushmen have been known to follow 
a giraffe as much as 50 miles before securing 
the animal. 

The Bushman is an omnivorous, voracious, 
and dirty feeder. He has been known to eat half 
a sheep at one sitting, becoming torpid after 
such an excess. All the larger animals, as well as 
the smaller, including insects, contribute to his 
fare. Ants and their eggs, the latter considered a 
great delicacy, and even hce from lus own person 
are part of his diet for, hke many other primitive 
people, the Bushman appears to prefer small para- 
sites. Plant foods, gathered by the women and 
children, consist of berries, foots, and fruits, in- 
cluding the wild melon, the tsama, which supplies 
both food and drink, and thus makes travel a 




Fig. 266 Kalahari Bushmen, men, women, and children See Fig. 15 for a comparable group of men, 
women, and children, all characterized by the same emaciated facial features and protuberant abdomens, 
but otherwise well-shaped bodies This apparent physical deformity is a result of diet, affecting both sexes 
and all ages alike Note also the clothing of the women and children in both this view and Fig. 15. 
(Courtesy of tlie South African Railways and Harbours.) 


possibility in many areas where it would other- 
wise be impossible. The Bushman is not par- 
ticular whether his food is fresh or putrid and 
he appears to suffer no ill effects from such a 
diet. To him, for example, eggs ready to hatch 
are as good as though fresh. No provision is made 
for the future; times of plenty are times of feast- 
ing, those of food scarcity are marked by absti- 
nence and near famine. The dry season is thus 
one of great privation, for most of the grazing 
animals migrate to better pasturage, and with 
them go the carnivora. During the dry season, 
therefore, with food supply inadequate and none 
laid by, the body of the Bushman becomes emaci- 
ated, literally a bag of bones. At such times, he 
may even be reduced to eating the ragged skins 
which clothe him, with the hope that they may 
allay his hunger. These periods of gorging of the 
Bushman, broken by many and prolonged ones 
of hunger, are enforced by his low stage of de- 
velopment, which makes storage of animal food 
impossible in this warm climate. 


The Bushman and the Desert. The Bushman 
is a creature of the desert which is his home, 
specialized to cope with the environment of the 
area where he lives. Small, for the adult male is 
commonly less than 5 feet tall and the female 
less than 4 feet 6 inches in height, he carries no 
surplus fat. Often he is almost emaciated, though 
active and capable of enduring great hardship 
and piivation, including going without food or 
water for long periods, for only those capable of 
such endurance survive to reproduce their kind. 
The responsibility of hunting, which supplies 
most of the food, falls on the men; on the women, 
that of grubbing up roots, gathering other plant 
parts, and securing a supply of water. Even on 
the march, the hunter is never burdened except 
by his weapons, the fire sticks, and his pipe, for 
he must watch for and be ready to pursue game. 
The women are the beasts of burden, carrying 
the few family possessions, in addition to babies, 
slung across their backs. 

The scanty resource of the Kalahari preclude 
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the possibility of a dense primitive population 
with a considerable degree of social organiza- 
tion, cooperation, except of a few individuals and 
families, being temporary only. Intellectual ad- 
vancement is slight though, within his immediate 
field of interest, the Bushman is highly observant 
and possesses considerable shrewdness. However, 
speculation about a life after death apparently 
lies outside of that field for, though the Bushman 
believes in evil spirits, supernatural interference 
with man's life on earth, and possibly even dimly 
in some future life, he has no concrete idea of God 
nor has he formulated any definite picture of a 
Heaven or Hell. In other respects as well, the 
intellectual hfe is on a very low level, as with 
other primitive hunting poptilations, among 
whom the struggle for a bare existence is too 
keen to allow much leisure for speculations which 
do not have immediate practical results, par- 
ticularly in the form of food. The Australian 
blacks, a comparable migratory hunting popula- 
tion of desert dwellers, have been discussed in 
some detail in Chapter VI, and many others such 
as the Tehuelcheans and Gennakens of Pata- 
gonia, all of small and decreasing numbers, 
inhabit comparable dry areas. 

Nomadic Hunting Populations of Tropical For- 
ests. Primitive hunting populations not only 
maintain footholds in both polar and and areas 
but in low-latitude rain forests as well. Thus, in 
the dense forests of the tropics, nomadic hunting 
populations are to be found, even today, living 
essentially as did their ancestors many centuries 


ago. These tropical forests extend as a discon- 
tinuous belt, roughly parallehng the equator, in 
South America, the islands off southeastern Asia, 
and in the Congo basin of Africa. The last of 
these three areas is the home of the African 
Negrillos, a pygmy population. 

These African pygmies have been knowm since 
the days of Herodotus, who described them as 
‘‘a nation of httle men who wore garments made 
of palm leaves, and who left their cities and fled 
to the mountains on the approach of the mvad- 
ers,” but despite this long period of acquaintance 
they still remain one of the less well known of 
the population groups of the world, with the 
result that it is sometimes difficult to separate 
truth from fiction m descriptions of their ways 
of hfe. 

The Homeland of the Achua, the African 
Negrillo or Fygmy, The African Pygmy is widely 
dispersed in scattered groups, which range over 
a wide zone of equatorial Africa extending from 
Uganda to the Gabon, mostly between 3° Noith 
and 3° South of the equator, with the groups 
most numerous in the Belgian Congo Of them 
all, those of the Ituri Pygmies, who live in the 
dense forests of the eastern Belgian Congo 
bordering the Itm*i River, about 1° 30^ North 
latitude, 29° East longitude, are the least 
affected by contact with other populations, in- 
cluding whites. These pygmy communities are 
at home in no particular area, for temporary 
abundance of game largely determines regional 
desirability and location, though preference is 



Fig. 267. The homeland of the African Pygmy, with some areas of marked concentration of tliese 
Negrillos. (After various sources.) 
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Fig. 268 A family of Pygmies of the Ituri Forest and their shelter, at the right A meal of “wild spin- 
ach'' is cooking in the pot over the open fire in the foreground. This pot, a square yard of dark cloth, and 
the bows and arrows comprise all their material possessions. (Courtesy of Martm Johnson.) 


shown for areas where they are treated with 
consideration by other tribes and aversion to 
those where such consideration is lacking. This 
is despite the fact that the Pygmies are inde- 
pendent, considering themselves under no obli- 
gation to other populations, with whom rela- 
tions do not extend beyond friendship and possi- 
ble temporary alliance. Collectively called the 
“Achua,” the different groups are known by 
various names, according to the language of the 
people in whose territory they happen to estab- 
lish temporary settlement. Thus, in the basin of 
the Lunglulu, they are known as “Watwa”; in 
that of the Wabode, as “Balia”; in the districts 
of the central Congo, as “Batwa”; elsewhere, by 
other names. 

The homeland of the African Pygmy is one of 
moderate elevation and sHght rehef, for eleva- 
tions range mostly between 1000 to 1500 feet. 
Soils are thick, but like those of rainy tropical 
areas elsewhere, they are of low fertility and only 


temporarily productive under cultivation. The 
climate is equatorial in character; temperatures 
are uniformly high throughout the year. Thus, 
though they almost never rise to 95°, and but 
seldom as high as 90° F., the heat is very trying, 
for the annual range is less than 5 degrees and, 
even at night, it is not cool. Further, humidity is 
continuously high. This is not caused entirely by 
the amount of precipitation, which normally does 
not exceed 60 inches materially, and is in but 
few places as much as 70 inches, but results from 
the fact that ramfall is distributed throughout the 
year, so that it is excessively damp at all times. 
With a yearly total of approximately 65 inches, 
for example, rainfall commonly exceeds 3.5 inches 
even in the driest month; during the height of 
the rainy season, it may be as much as 10 inches. 
These climatic conditions favor growth of a 
dense, tropical forest, characterized by varied 
growths, with an equally diverse fauna or animal 
population. These are the environmental condi- 
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Fig. 269. A typical Pygmy of the Ituri Forest with his bow and arrows, and his shelter in the back- 
ground. He wears no clothing except a breechclout. Hanging from a cord around his neck are the whistles 
used to imitate bird calls, and to enable him to keep tracks of his fellows, when hunting m the forest. 
(Courtesy of Martin Johnson.) 


tions of the homeland of the African Negrillo 
of the Congo Basin. 

Shelters of the Pygmies. The frequent shifting 
of location by the Pygmies, made necessary by 
primary dependence on wild plant life, fishing, 
and the chase, prevents establishment of perma- 
nent villages and makes construction of substan- 
tial structures undesirable, especially since they 
are rendered unnecessary by continuously high 
temperatures. The shelter of the Pygmy is, there- 
fore, very crude, consisting of a beehive-shaped 
hut, about 7 feet in diameter and 4 feet high, 
with a small hole or opening about Bi feet high 
near its base, through which he crawls on all 
fours. These huts are constructed of branches, 
each of which is stuck in the ground at both 
ends so that it forms a semicircle, the mesh 
formed in this manner serving as a framework 
for a covering thatch of leaves. The average tem- 


porary village is composed of from 10 to 12 of 
these huts, though occasionally the number may 
be as many as 30. 

Clothing and Equipment of the Pygmies. 
Climate does not necessitate much clothing, in 
fact, often none is worn. At the most, it is hmited 
to a strip of bark cloth or skin around the loins 
for the men, or a bunch of leaves, changed fre- 
quently, among the women. Even ornaments are 
few in number. The huts have scant furnishings. 
A rectangular bed of branches, supported a few 
inches above the wet ground by four stakes, one 
at each of its corners; a small number of crude 
clay pots in which spinachhke growth and ba- 
nanas may be cooked, and a few gourds complete 
the household equipment. Weapons used include 
the bow and arrow and a short, light spear, the 
former used even for hunting the elephant, which 
is killed after being first blinded. Whether the 
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arrows are tipped in poison appears to vary from 
group to group, and possibly from time to tmie 
as well. South of the Congo, the Batwa at least 
are reported to use poison when hunting the 
elephant. 

Food Supply of the Pygmies. The Pygmies 
have no domestic animals, not even dogs, and 
they probably never till the soil, dependence 
being wholly on hunting, fishing, wild forest 
growths, and the gaidens of their larger native 
neighbors. They aie expert hunters, capturing 
and killmg even the largest animals such as the 
elephant, and gorging themselves to repletion 
after such a kill. As an illusti'ation of their ab- 
normal appetites, despite tlieir small size, a 
Pygmy has been known to eat 60 bananas at a 
meal, besides other food. In addition to the larger 
animals, they are partial to white ants, bee grubs, 
larvae of beetles, and honey. They are hkewise 
skillful fishermen, landing large fish with no 
equipment other than a coid baited with a piece 
of meat, but without a hook. From the forest, 
they secure wild beans, muslirooms, and other 
wild plant foods. They are particularly fond of 
bananas, obtained by baiter or plunder of the 
gardens of neighboring tribes. In general, this 
barter is a one-sided transaction, wuth the Pygmy 
deciding that it is desuable and fixing the price 
to be paid, for it involves no more than appro- 
priation of the bananas and leaving in their place 
what is conceived to be their value in the form 
of meat or some other commodity. Vegetables are 
sometimes eaten raw, sometimes cooked; meat is 
broiled over an open fire until it is dry. The 
Pygmies are not cleanly in their personal habits 
nor discriminating as to either the type or con- 
dition of their food, a characteristic which they 
share with most primitive peoples. 

The Pygmy and His Forest Environment. The 
African NegriUo is the smallest of the pygmies, 
his average height being only about 432 feet, with 
many adult individuals not more than 3 feet 
tall. Well proportioned, his average weight is 
about 75 pounds, with some adults weighing as 
little as 50 pounds. Despite his small size and 
weight, he is strong, fearless, and daring, but he 
does not like water and can seldom swim. He is 


an adroit climber, highly desirable in his forest 
environment, grasping small branches between 
his great and first toes to aid in his progress at 
the upper levels. 

It IS not surprising that the Pygmy is keenly 
observant, for his daily food and his security are 
dependent on excellence of sight and, brought 
into close and constant contact with the dangers 
of the bush as he is, his safety is ensured only 
by constant vigilance. In his forest home, the 
Pygmy is shy, his adroitness in flitting from tree 
to tree noiselessly and without exposing himself, 
making him difiicult to locate; in captivity, he is 
fearless and defiant. When he considers he has 
been treated unjustly, he is exceedingly vin- 
dictive but, in general, his contacts with other 
native peoples are friendly, in considerable part 
because of their desire to avoid incurring his ill 
will. 

His memory is excellent, his powers of mimicry 
great, and, by many, the Pygmy is rated as 
natuially intelligent. However, his^ intellectual 
life is lived on a rather low plane. He has no 
regard for time, no records or traditions of the 
past, no rehgion, no belief in a life after death, 
but a vague belief in devils. He has no laws and 
no hereditary chiefs, individuals adhering to the 
successful hunter in the small village. The life 
the Pygmy leads permits little in the way of 
diversion, but he enjoys dancing, in which he 
indulges at every opportunity. Despite his 
adaptation to the forest environment in which 
he lives, the Pygmy is destined to extinction 
unless protected, for he cannot hope to cope 
effectively with the new conditions introduced 
by the arrival of white populations. 

Similar primitive hunting populations are 
known for other tropical forest areas, some, like 
those of the interior of New Guinea, being 
pygmies; others are of more nearly normal size, 
AU live essentially the same type of nomadic 
hunting life, all are of small and mostly decreas- 
ing numbers; all tend to disappear completely 
when more advanced populations encroach on 
their territory, introducing conditions which 
these savages, still m the Stone Age of develop- 
ment, cannot meet effectively. 
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QUESTIONS AND EXERCISES 


1. How does man’s stage of dexelopment affect Ins 
choice of a means of obtaining a li\elihood^ 
Illustrate by examples 

2. Why did man first depend on wild life, plant and 
animal, for his support, and not until much later 
engage in even the most primiti\'e agriculture? 
Why was such dependence unsatisfactory? 

3. Why do present migratory hunting, fishing, and 
agricultural populations have but small influence 
on world affairs^ Name several population groups 
of this type and state where they live. 

4 Locate the homeland of the Eskimo Locate that 
of the Polar Eskimo. Describe the physical en- 
\ ironment of the homeland of the Polar Eskimo 

5. Describe the \arious shelters of tlie Polar Es- 
kimo. What sites aie chosen for tlieir location^ 
Why are tents satisfactory during the summer 
months of these high latitudes? Why is the house 
of snow used for temporary occupancy only'? 

6. Upon what does the Polar Eskimo depend for 
food? For his drinking water supply? Why is the 
sea rather tlian the land the more important 
hunting ground? During what season of the year 
is most of the hunting done? Why? 

7. Describe the clothing of the Polar Eskimo How 
has contact with whites modified the life of the 
Polar Eskimo? 

8. Name some migratory hunting populations of 
the high latitudes of the Southern Hemisphere 
whose life is similar to that of tlie Polar Eskimo. 

9. Describe the homeland of the Kalahari Bushmen 
in respect to topography, soils, climate, dramage, 
vegetation, and animal life How do conditions 
vary with the seasons? Why? During what 
months would tlie summer season of the Kala- 
hari occur? Why? 

10. Describe the shelters of the Kalahari Bushmen. 
Why are more substantial structures impracti- 


cable, despite the unsatisfactory character of 
those in use? 

11. Describe the clothing worn by the Kalahari 
Bushmen. What is tlie objective of tlie use of 
"'‘bucher”? What are the principal household 
utensils of the Kalahari Bushmen and for what 
is each used? How does the Bushman kindle a 
fire? 

12. What weapons does the Kalahari Bushman use 
in the chase and in war? With such weapons, 
why is it necessary that he be an expert stalker 
if he is to kill game? 

13. What affords the food supply of tlie Kalahari 
Bushmen? Why does its adequacy \ary so 
greatly at different times? Why is no pro\ision 
made for peiiods of food scarcity? 

14. Describe the physical appearance of the Kala- 
hari Bushman, and discuss his intellectual de\ el- 
opment and characteristics. 

15. Why are the too-cold, the too-dry, and the too- 
wet, or hea\ ily forested tropical regions, still the 
home of nomadic hunting populations? 

16. Locate and describe the homeland of tlie Afri- 
can Pygmy. 

17. Describe tlie shelter and clothing of the African 
Pygmy. List his household equipment and de- 
sciibe his w^eapons. 

18. - Describe the food supply of the African Pygmy 

and state how^ it is obtained Why do the other 
native populations submit to the enforced bar- 
ter imposed by the P}"gmies? 

19. Describe the physical and intellectual charac- 
teristics of the Afiican Pygmies. Why might such 
characteristics be expected in their forest en- 
vironment? 

20. Why are all nomadic hunting populations of the 
present few^ in numbers? Why are tliese numbers 
generally decreasing? 
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Chapter Twenty-Nine 

THE GRASSLANDS AND GRAZING; 
NOMADIG AND COMMERGIAL 


Nomadic Pastoral Populations and Their Mi- 
grations. Nomadic pastoral populations are de- 
pendent on flocks and herds which are grazed on 
various types of relatively sparse native vegeta- 
tion and moved frequently, with depletion of the 
pasturage. Thus both the number and kinds of 
animals differ from place to place, and the num- 
ber in any single area, from season to season, 
with variation in water and food supply. In 
general, sheep and goats are more important 
where pasturage is poor; cattle, replaced occa- 
sionally by other animals such as the yak of the 
high plateaus of central Asia, where it is better. 
Horses and donkeys are also common, furmshing 
transportation and some food; likewise camels 
in hot, dry areas; and reindeer in the Arctic. 
Though approximately 10 per cent of the earth’s 
land surface is inhabited by pastoral nomads, 
who live in all except the highest and lowest 
latitudes, their present numbers are small and 
their relative importance slight, for the areas they 
occupy present only limited opportunity. 

Nomadic herders must move their animals 
frequently, for pastures are poor at best and 
soon exhausted. Thus some daily or weekly shift 
of location is necessary and, with the change of 
seasons, migration for greater distances, some- 
times between lowland and highland. In north- 
ern Africa, for example, on the northwestern 
border of the Sahara, the nomadic pastoral tribes 
move into the desert durmg the winter, when 
there is some rain and scanty pasturage, but 
retreat to the Atlas Mountains with the coming 
of the hot, dry summer months, when water be- 
comes scarce and lowland pastures poor. Similar 
migrations occur on the desert margin of the 
Sudan, the plateau of Iran, in Arabia, and else- 
where. Though there is no individual or group 


ownership of land in the ordinarily accepted 
usage of the tcim, these migrations are within 
roughly fixed tribal Limits, established by long 
years of custom. 

The Material Possessions and Life of Pastoral 
Nomads Pastoral nomadism imposes restrictions 
on the quantity and variety of material posses- 
sions, which cannot be numerous and must be 
obtained largely from animal products or by 
limited barter. Food, therefore, is mostly of ani- 
mal origin: milk, cheese, and meat, and possibly 
tea or some other beverage obtained by exchange. 
Similarly, the equipment, even the shelter, is 
made from hides, skins, or wool. Despite the im- 
portance of the animals as the source from which 
most of the material wants are supplied, live- 
stock, in the absence of controlled breeding, 
tends to be of low grade, with some exceptions 
in the case of horses and camels. 

A life of hardship and privation is the com- 
mon lot of the pastoral nomad. Food is never 
overly abundant and always limited in variety; 
sometimes food scarcity or even famine condi- 
tions may occur. Goaded by hunger and neces- 
sity, these nomads formerly raided their more 
fortunate neighbors to secure whatv their imme- 
diate environment denied. In some cases, they 
even overran and conquered extensive lowlands 
of greater promise, sweeping over the plains of 
China, India, and western Europe from the grass- 
lands of central Eurasia, often only to disappear 
almost completely with the passage of time 
through absorption by the more numerous in- 
habitants of these more favored areas. Such great 
migrations, possibly set in motion by a series of 
unusually dry years, are no longer possible, the 
pastoral nomads of the present being restricted 
to guiding, freighting, trade, and possible occa- 
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Fig. 270. The Kirghiz S.S R., the homeland of the Kirghiz, is a land of diverse topography and 
great areal extent, embracing 75,950 square miles of territory which supports a population of approxi- 
mately 1,500,000 persons. Isolated from otlier areas for many years, and still poorly served by ran lines, 
nomadic herding was long the only economic activity of miportance Of late, however, highly mechanized 
collective farming has supplanted grazing in some parts of this grassland area, though flocks and herds are 
still driven to mountain pastures durmg die summer, as in the past. 


sional pillage of caravans to supplement the 
meager living they are able to secure from local 
resources. 

The mode of life of pastoral nomads, which 
for so long made them a serious, continuing 
menace to sedentary populations of neighboring 
areas, no longer holds any threat. This is because 
technological advances not only enable other 
population groups to meet their aggression suc- 
cessfully, but even to assume the aggressive. 
Therefore, although in the past the nomads 
harassed their more numerous, less warlike neigh- 
bors, they have, except in rare instances, been 
retreating for many years before the advance of 
commercial grazing and dry farming. Often, 
though not always, this retreat has been accom- 
panied by a decrease in their numbers. Both com- 


mercial grazing and agriculture, however, have 
already pushed so far into the drier parts of the 
world, the latter possibly even too far in some 
localities, that most of what remains of the former 
domam of the pastoral nomads will probably re- 
main in then possession, for it does not offer 
opportunity which tempts populations with 
higher standards of living. 

The Kirghiz, who live on the high plateaus of 
central Asia, have, until rather recently, been 
entirely dependent, on nomadic herding^ for sup- 
port, moving their flocks and herds considerable 
distances with the changing seasons. Though 
partial removal of the former isolation has altered 
their ways of life to some extent, pastoral no- 
madism still persists in the area where they live. 
Therefore this population group will be described 
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to illustrate liow sucli nomads live and make their 
living. 

The Homeland of the Kirghiz. Like othei popu- 
lation groups of a similar, lelativeiy low stage of 
advancement, the Kiighiz, who were foimeily 
dependent almost completely on nomadic herding 
for support, long lived a life of comparative 
isolation, for their homeland is located in the 
heart of the great land mass of Asia, far from the 
sea. To its south are the gieat deserts of Sinkiang 
or Chinese Turkestan and the bleak plateau of 
Tibet, to its east and west are other dry regions. 
Only fiom the north is approach relatively easy; 
even there it is rather difficult. Surrounded as 
their homeland is by areas of limited opportu- 
nity, most of the contacts of the Kirghiz in the 
past have been with other pastoral nomads; 
-Mongols and Turkomans. Only on the north have 
they been in even limited touch with more ad- 
vanced population groups. It was, in fact, this 
isolation which made it possible for pastoral 
nomadism to persist for so long in the land of 
the Kirghiz. This older isolation is disappearing, 
however, and this has already modified ways of 
hfe materially, with additional change a strong 
probability. 

The topography of the land of the Kirghiz is 
varied in character. The apparently boundless 
plains of the north give way gradually to low 
hills which increase in height to the south as the 
northern borders of the plateaus, of which they 
foim the dissected margin, are approached. The 
surface of these plateaus lies at elevations of 
fiom 8000 to 12,000 feet, and they are hemmed 
in by lofty, snow- covered mountains, the Tien 
Shan, in which glaciers head. All, plain, plateau, 
and the lower slopes of the mountains, afford 
pasturage for the flocks and herds of the Kirghiz 
at some season of the year. 

Water supply is always a critical factor in the 
life of pastoral nomads. Therefore the rivers, 
characterized by great variability of flow, and the 
numerous springs of the mountain border, are 
very important to the Kirghiz. When such sources 
of supply in the drier lowlands are few in num- 
ber, occupation is handicapped; during the sum- 
mer months, in fact, large stretches of such low- 
lands are uninhabitable. Lakes, both salt and 
fresh, play a less important part in the hfe of 
the Kirghiz than do the springs^ and jstreams, 
except that, when dry, beds of shallow saline 
lakes may supply salt* 


Everywhere far from the ocean and cut off 
from moisture-bearing winds by topographic 
bariiers as the area is, precipitation is light 
though, fortunately, most of the small amount 
falls during the summer months. Even with this 
favoring condition, the lowlands are so poorly 
watered that they affoid no pasturage in mid- 
summer. Precipitation increases at gi'eater eleva- 
tions, however, and the snowfall of the highlands 
is so heavy that flocks and herds cannot be grazed 
during the winter months, at which time of the 
year viands are generally strong and always bit- 
terly cold. The summers of the lowlands are 
equally trying, for they are very hot. Those of the 
highlands, though sometimes rather cool and wet, 
are not generally disagreeable for, though frost 
may occur even in July, many of the days are 
bright and sunny. 

The character of the vegetation varies with 
elevation. The plains are treeless, grassy steppes, 
with possibly a few willows along stream couises. 
At elevations of approximately 6000 feet, how- 
ever, coniferous forest growths make an appear- 
ance, as shown in Fig. 271. At elevations of 8000 
feet or moie, tempeiatures are too low for trees 
and grass again predominates, to be in turn 
succeeded by mosses and lichens as the snow 
line is approached. In general, therefore, the 
domain of the Kiighiz is grassland, with only 
hmited forest growth in a few favored locali- 
ties. 

Economic Activities and Migrations of the 
Kirghiz. Since grazing, based on opportunity 
afforded by natural grasslands, constitutes the 
basis for support, the Kirghiz have flocks of 
sheep; herds of cattle; and beasts of burden such 
as the horse, yak, and the two-humped or Bac- 
trian camel, the last indicating that this is a 
rather dry region. Inasmuch as pasturage is scanty 
at best, these animals must be moved frequently. 
During a given season, this shift of location is for 
short distances only. In summer, however, pas- 
tures of the lowlands become poor, but those of 
the plateaus have lost their snow cover, the grass 
is exposed, and its growth is rapid. Therefore 
the animals are then moved from the dried-up 
and poor pastures of the lowlands to the plateaus, 
a much greater distance, for the three or four 
midsummer months. As winter approaches and 
temperatures lower, the flocks and herds are 
driven into sheltered valleys, and finally out on 
the plains again for the months of midwinter. 
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Fig 271. Kirghiz migrating to summer pastures of the plateaus and lower mountain slopes, where scat- 
tered coniferous growths occupy the better watered portions of the hillsides which border the flatter 
grassland in the foreground Note the beasts of burden horses, and the two-humped or Bactnan camel; 
and the other h\estock See also Fig 16 (Courtesy of Sovfoto.) 


This type of seasonal migration is sometimes 
referred to as ‘"transhumance.” 

Such extensive migrations necessitate careful 
organization, for the fate of thousands of animals, 
the basis for support, cannot be left to chance. 
Adequate provision must be made for the jour- 
ney. Routes must be laid out, halting places must 
be determined; a water supply must be assured 
at each camp site, and other steps taken to ensure 
smooth functioning of the movement. Since the 
journey cannot be planned piecisely in all de- 
tails, because of seasonal vagaries, a certain 
amount of leeway is necessary to provide for un- 
expected contingencies. This may even make 
necessary some provision against an unexpected 
shortage of forage, as well as of water. 

Because of the generally scanty pasturage, 
flocks and herds must be widely dispersed, not 
only during but both before and after the migra- 
tions. Thus it is seldom that large groups of 


pastoral nomads assemble in a limited area. In 
Biblical times, ‘Abraham and Lot pastured 
their herds at opposite sides of the horizon.’’ 
Similaily, it is only at infrequent intervals, and 
then for short periods of time, that large numbers 
of Kirghiz herders foregather in a limited area. 

The Life of the Kirghiz. The life of the Kirghiz 
herder is one of much movement, considerable 
hardship, and without most of those aspects 
which we consider desirable. ‘Some of the meA'" 
watch the sheep; others on horseback care for 
the herds and hunt stray animals and predators, 
which take a significant toll of the vitally im- 
portant domestic animals each year. Milking and 
all routine work is done by the women; the men 
assume only those tasks involving considerable 
exertion, hardship, or danger, but with long 
periods between them when little efiFort is re- 
quired. 

When in camp, the Kirghiz erects a felt tent. 
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or yurt, with a cover made from the wool of his 
sheep. First a circular lattice of willow, 12 to 
15 feet in diameter, is set up, with light poles 
converging from its top toward a circular open- 
ing in the poak of the structure. Over this frame- 
work, a felt cover is stretched tightly to form a 
warm, water-tight exterior which keeps out cold 
and rain. The circular opening in the roof serves 
as an outlet for smoke. When moving, this tent 
can be dismantled in a hour. Then the lattice, 
tent poles, and cover are lashed on the back of a 
camel or some other beast of burden for move- 
ment to, and erection at, a new camp site near 
other pasturage. 

Since movement is frequent, household fur- 
nishings are simple and few in number. There is 
no furniture, rugs taking the place of chairs, 
tables, and beds. Milk, butter, and cheese, the 


food supply, are kept in partly cured sheepskins 
rather than in fragile earthenware containers. 
There are no stoves, but only open fires, for which 
dried grass and dung are used as fuel. One 
wooden bowl to hold sour milk, soup, or meat 
serves the whole family at mealtime, and forks 
and spoons are unnecessary, for all dip into this 
common bowl with their fingers to secure the 
food. 

The diet of the Kirghiz is limited and without 
variety: mostly sour milk, cheese, and meat. 
Vegetables are practically unknown and even 
meat is not eaten regularly, for many animals 
are lost to predators and some must be used for 
barter, which limits the number available for 
food, if flocks and herds are to be kept up in 
numbers. Milk ^ always used sour, is the staple 
food , Sometimes it is made into butter and cheese. 



Fig. 272. Kirghiz woman milking a yak, which not only serves as a beast of burden but supplies milk, 
hair, and meat as well. In the background is the shelter or ‘yurt”. The sidewalls are of felt stretched over 
a lattice of willow, which shows at the bottom of the structure; the dome-shaped roof, supported by a 
framework of poles, has a similar cover of felt. See also Fig. 16. (Courtesy of Sovfoto.) 
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which may be kept for long periods of time. 
BreadL^both fried and baked, and made from 
flour obtained by barter, is considered a great 
luxury. 

The Kirghiz also meet their clothing needs 
from their flocks and herds, using wool and skins 
for a variety of purposes. Both men and women 
wear warm, padded garments and high boots at 
all seasons. In addition, the men wear sheepskm 
caps, and both sexes, sheepskin coats. Besides the 
wearing apparel made from animal materials, the 
women fashion headdresses of cotton cloth. The 
need for such items as cloth leads to some trade 
by barter, but such exchange is restricted to a 
very few articles: flour, cloth, guns, ammunition, 
and a limited number of others, for the wants 
of the migratory Kirghiz which cannot be satis- 
fied from local resources are few in number. 

Today, however, the older isolation which fas- 
tened pastoral nomadism on the Kirghiz has dis- 
appeared in part. As a result of this, and under 
governmental encouragement, mechanized agri- 
culture has already invaded the domain of these 
pastoral nomads and combines harvest grain 
crops on the state-operated farms or collectives, 
located in areas where only flocks and herds 


grazed a few" years ago. Today, as well, indus- 
trialization has made a small beginning at some 
of the rail centers and the former illiteracy of the 
population is disappearing. Though pastoral no- 
madism is becoming relatively less important 
among the Kirghiz, it has not disappeared com- 
pletely, nor is it probable that it will within the 
near future, in view of environmental conditions 
in this part of the world. 

Pastoral Nomadism in the United States, 
Though there are no nomadic herders who shift 
iheir livestock for great distances with the chang- 
ing seasons in the United States, the Dineh, ''The 
People,” or the Navajo Indians of our Southwest, 
move for more limited distances with their flocks 
and herds, which afford the major basis for sup- 
port. Their homeland, economic activities, and 
ways of life walk therefore, be described to illus- 
trate those of a semimigratory pastoral popula- 
tion. 

The Navajos: The People and Their Country, 
The Navajos, more than 60,000 in number, are 
not only the most numerous of the full-blooded 
Indian population groups, but the 25,000 square 
miles of territory they occupy, about 62 per cent 
in Arizona and the balance m New Mexico, con- 
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Fig 274. Typical Navajo range with band of sheep and goats, and eight-year-old boy herder. Under 
intensive grazing, the grass cover has been largely destroyed and replaced by snake weed and Russian 
thistle* (Courtesy of the U. S. Soil Conservation Service ) 


stitute the largest single continuous area remain- 
ing in Indian occupation in the United States. 

The Nava]o country, difficult of access, does 
not tempt preemption by whites, for it is not 
crossed by rail lines and by only a few roads, 
mostly poor and many only trails, so that most 
travel must be on horseback. Moreover, eleva- 
tion is considerable, in few places less than 4000 
feet; generally it is a mile or more, with the 
maximum of 10,419 feet reached by Navajo 
Mountain. These elevations are sufficient to affect 
climate appreciably. Thus, though the lower 
areas are hot in summer, with mild winters, sum- 
mers are cool and winters are cold on the 
plateaus, with the daily range of temperature 
great everywhere at all seasons. Rainfall is light, 
in few places as much as 10 inches; in the western 
part of the area it is often 5 inches or less, for 
this is one of the driest parts of the United States. 

The Navajo country is underlain by flat-lying 
or shghtly tilted rocks, cut by canyons and sur- 
mounted by mesas. These afford the character- 
istic features of the angular topography of this 
arid region of dry stream beds, accumulations 
of coarse alluvium, sand dunes, and wind-eroded 


surfaces. Still in the youthful stage of dissection, 
it is^ land of striking colors and magnificent 
scenery, but a poor land, because of the climate 
which is responsible for the land forms. This may 
explain in considerable part why an Indian popu- 
lation still remains in undisturbed possession. 

The small amount of rainfall is reflected in the 
character of the native vegetation. At the lower 
levels in the west, where precipitation is very 
hght, there is a desert flora of cacti, yucca, and 
tuft grasses; above 5000 feet, sagebrush, rabbit 
brush, and greasewood cover the salt and alkaline 
fiats and border the dramage channels. With in- 
crease of elevation and rainfall, juniper appears 
at 6000 feet; shghtly higher, pinon; and above 
7000 feet, yellow pine, most important in the 
better watered eastern portion of Navajo Land. 
Cacti, sagebrush, and timber may not suggest 
grazing, but the stand is far from solid, and 
grama grass in the openings affords pasture after 
the rains, even in the desert west. Further, the 
sagebrush also furnishes food for livestock. 

Migrations of the Navajos. Navajo migrations, 
except occasional movement for social reasons, 
are enforced by a local economy imposed by 
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Fig 275 Top Abandoned winter hogan, showing the framework from which the cover of earth has been 
removed, Dmnahotso, Arizona 

Bottom Occupied wmtei hogan, Dmnahotso, Arizona, with Comb Ridge m the background ( Courtesy of 
the U, S. Soil Conseivation Service ) 


climatic limitations: largely seasonal distribution 
of rainfall, with temperatures of secondary im- 
portance. Though water supply is most important 
in controlling migration, especially in the drier 
western portion of the Navajo country, in prac- 
tice, movements of the people of any locality are 
complex and based on a variety of causes. Some, 
for example, may be to river flats to save the 
pastures of the mesas, 1 5 to 20 miles away, for 
winter use; some because it is easier to move 
than to haul fuel, still others may be motivated, 
at least m part, by social reasons. These migra- 
tions vary from a few to as many as 60 miles. 
The more extensive are to pastures in the moun- 
tains and on the high plateaus in summer and 
back to the lowlands in winter, where grass. 


springing up after the summer rains, affords food 
for the animals. Further, the highlands are cool 
in summer; the lowlands more pleasant in winter, 
as well as generally free from snow cover. Thus 
even the more important of the movements, those 
from summer to winter pastures, are related to 
more than one factor. These migrations are 
important in Navajo life since they affect the 
customs, the housing, the diet, and the material 
indications of progress. 

Navajo Settlements, Houses, and Water Sup- 
ply. The Navajos still cling to the “hohrahns” or 
hogans, which are grouped, but do not form 
villages, properly speaking. The temporary sum- 
mer hogan is almost anything which will afford 
shelter, sometimes only a frame covered with 
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brush. That of \^anter, generally erected under 
sheltering cliffs at the base of a mesa which 
affords shelter and easy access to fuel and water^ 
is more substantial and peimanent in location, 
but variable in foim and construction. Both have 
floors of dirt. Those which are roughly conical in 
shape have a supporting frame of five poles with 
forked ends, w^hich meet at the peak of the 
shelter. This framework is interwoven with juni- 
per or some substitute, covered with bark or 
brush, and then with earth. Another type, made 
of logs laid in a circle and plastered with mud, 
is dome-shaped. Still others are rectangular log 
structures with gable roofs, and some have side- 


walls of stone. The exact type varies with the site, 
the amount of timber available, the length of 
time the structure is to be occupied, and the 
wealth of the occupant. Therefore different types 
are common, even in the same locality. The only 
characteristic common to all is the location of 
doors on the east side, to greet the sun, the chief 
^od of the Nava]Os. 

The hogan is not a good indicator of the wealth 
of its occupant, since the migratory life led is 
not conducive to elaborate construction, which 
is still further discouraged by superstition, for 
a death in any household causes abandonment of 
the hogan. Furnishings are meager and hmife^d to 
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Fig 276 Top. Navajo cattle and poor range, near Dinnahotso, Arizona. 

Bottom Navajo woman weaving rug at Ahtsolige, near Dinnahotso, Arizona. (Courtesy of the U. S. 
Soil Conservation Service.) 
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Fig. 277. The nomadic and commercial grazing areas of the world Boundaries as shown are only ap- 
proximations and highly generalized, since it is impossible to secure accurate data for many areas and, 
even though this were possible, detail could not be shown effectively on such a small map. 


bare necessities, for accumulation of many pos- of irrigation. Crops grown include alfalfa, com, 
sessions is impossible in the limited quarters and squash, and potatoes. Still others engage in weav- 
with the migratory type of existence led. Water ing, using local wool and native mmeral and plant 
for both domestic use and for the animals is dyes in production of the well-known Navajo 
secured from springs which issue at the base of blankets, the sale of which brings in important 
the mesas. supplementary income. From these various 

Vopulation Density and Economic Activities, sources, family incomes range from $300 to 
Though the population density of the Navajo $2500 or more per year, though there are few 
country is slightly less than t^vo persons to the families of great wealth. Originally, the Navajos" 
square mile, considering the present economic were primitive hunting and seed-gathering no- 
activities which serve as the basis for support it mads who habitually raided and looted the settled 
is already overpopulated, evidenced by the neces- tribes; not until after contact with the Spaniards 
sity for relief in 1947-48. The most important of^ did they acquire livestock; agriculture is of still 
these activities is grazing, under which use the more recent origin. Today, however, supported 
range has been depleted and its carrying power by the activities of grazing, agriculture, and 
reduced greatly by running too many head of live- weaving, the last done by the women, the Navajos 
stock. In all, these number approximately 850,000 are not "vanishing Americans'" but are and will 
sheep and goats, 20,000 cattle, and 30,000 horses, continue to exist as an "outpost of Indian culture” 
Far too many horses are owned, as many as 300 in their desert environment for an indefinite 
to 400 by single families, for, except as they period. 

afford transportation and some meat, they are of Grazing: Nomadic and Commercial Both no- 
very little value, yet one horse requires as much maoEcn^ding and commercial grazing are most 
forage as eight sheep, and as much water as nine. > important on the grasslands of plains and pla- 
in addition to those who depend on grazing for teaus, regions vnth relatively flat land surfaces, 
support, others engage in agriculture on summer but they differ from one another in the following 
locations determined primarily by the possibility fundamental particulars: (I) the type of area 
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where each is carried on, (2) the practices fol- 
lowed in giazmg and feeding, and (3) the 
objectives attained. 

Nomadic grazing is confined to deserts and 
their margins: areas wheie the vegetation cover is 
not continuous, pasturage is scanty, of poor qual- 
ity, and soon exhausted under use. This neces- 
sitates much movement of flocks and herds, both 
daily and seasonal, and a migratory type of life 
for the herdeis. By contrast, commercial grazing, 
though normally an occupation of regions with 
light and marked seasonal distribution of rainfall, 
is an important economic activity only where 
precipitation is suflScient to suppoit an essentially 
continuous vegetation cover, and permit perma- 
nent occupation of definite areas, with restricted 
movement of animals. Thus, whereas nomadic 
herding is an occupation of the desert and its 
margins, commercial grazing is commonly one of 
areas marginal to better watered regions devoted 
to agriculture, with its frontiers overlapping those 
of nomadic herding on the semiarid and desert 
border, those of agriculture on the wetter margin. 
In the tropics, the overlap on the wetter margin 
may be with areas in forest, where primitive, 
migratory agiiculture is the common practice; 
in intermediate latitudes, with areas in continu- 
ous or essentially continuous cultivation, inter- 
rupted only by fallow fields, occasional woodlots, 
farmsteads, and other features of the cultural 
landscape. 

The methods of nomadic herding and commer- 
cial grazing also differ. The nomadic herder de- 
pends entirely on natural pasturage. With its 
exhaustion, or with seasonal shortage, he moves 
his flocks and herds, always over range he does 
not own, except as custom, established by long 
use, may give him nominal claim to the land. In 
commercial grazing, on the contrary, there is no 
such continuous shift of pasturage and animals 
feed on a limited range, usually owned or leased, 
and often fenced. To supplement the pasturage 
afforded by natural growths, hay, both wild and 
cultivated, may be cut and stored, or other crops 
may be grown, often with irrigation, to afford 
dry season or winter feed for the animals. Often, 
indeed, alfalfa or other fodder, grown in near-by 
agricultural areas, may be purchased and fed. 
Thus the economic activities of commercial 
grazing and agricultural areas are often comple- 
mentaiy. 

Though both nomadic herding and commer- 


cial grazing serve to support populations, their 
objectives differ fundamentally. The pastoral 
nomad grazes flocks and herds with a view to 
attaining essential self-sufficiency, with never 
more than a small amount of exchange of a 
limited surplus for the products of other areas. 
With such a method of life, standards of living 
are never high, for only the bare necessities are 
assured, sometimes existence is even precarious. 
Cities and towns which serve his needs are there- 
fore small and few in number, since they serve 
only small populations with limited wants, small 
surplus production, and thus restricted means for 
satisfying even the most fundamental needs. 
Commercial grazing, on the other hand, involves 
specialized production of animal products in 
which the objective is primarily the accumulation 
of a surplus to exchange for a great variety of 
articles impossible of procurement in the area 
where the flocks and herds are grazed. Commer- 
cial grazing, then, may permit a high standard 
of living, fully equal to that made possible by 
other economic activities. Therefore cities which 
meet the needs of such populations, though often 
widely spaced, may be of considerable size. 

Tropical Grasslands and Commercial Grazing. 
The better watered tropical grasslands are com- 
monly known as “sayannas.” Such areas are inter- 
mediate in location between regions of dense 
tropical forest and the deserts which border their 
drier margins. They are commonly laced with 
forest, with scatteied trees elsewhere, the num- 
ber varying with the amount of precipitation. All 
savanna grasslands have a marked seasonal peri- 
odicity of precipitation. During the short, rainy 
summer season, precipitation may be very heavy, 
but during the much longer dry season it is 
always light. Often no rain falls for many weeks 
at this time of the year. These are conditions 
which permit the growth of grass but do not 
favor the development of forests, those which 
exist being drought resistant in character and 
confined to the better watered localities. Else- 
where, the trees are scattered, and everywhere 
they tend to lose their leaves during the dry 
season. 

The grass of the savanna is tall, often higher 
than a maAs head and sometimes even reaches 
the lower branches of the small trees. (See Fig. 
242.) Seldom does it cover the ground to form 
a sod; rather it grows in clumps which do not 
unite to form a continuous cover. After the rains. 
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the new green shoots are palatable to animals, 
but later in the season the tall, rank growth be- 
comes hard and tough and, when it dries out, 
even more poorly adapted for use as feed for 
domestic animals. 

In view of these characteristics of the native 
vegetation, the pasturage is rather poor except 
for a limited period of time immediately after 
the rams. Then the cattle feed on the green 
shoots which appear as the ground dries out. 
Even at tins time of the year, conditions are far 
from ideal, for the cattle must travel across wet 
and even flooded areas to reach the pasture, 
which is often fouled by aquatic growths. Insect 
pests, disease among both men and the animals, 
labor shortages, distance from market, and inade- 
quate uansportation facihties are also handicaps. 
Nevertheless, commercial grazing of cattle is an 
important economic activity in the Llanos region 
of northern South America, the Campos region 
of southern Brazil, the Sudan of northern Africa, 
and the savanna grasslands of the southern part 
of the same continent. 

Sometimes the pastoral activities of the savan- 
nas, though not definitely nomadic in character 
like those of deserts and their margins, are organ- 
ized primarily on a subsistence rather than a 
commercial basis, particularly among native 
populations of relatively low development. For 
this reason, such activities of the tropical grass- 
lands are often of a type transitional between 
that of the desert margins and those of the better 
steppes or grasslands of higher altitudes. This 
is the condition in much of the savanna grassland 
of both South America and Africa. 

Use of the Savannas of South America for 
Grazing Grazing of cattle is the dominant eco- 
nomic activity on the grasslands, mostly below 
1000 feet in elevation, which border the Orinoco 
River and its tributaries. In this area of approxi- 
mately 100,000 square miles lying to the west 
of the Guiana Highlands of northern South 
America, the lower land is wet or flooded from 
April to October, during and after the 30 to 35 
inches of summer rainfall, and grazing is re- 
stricted to exposed hummocks so that pasturage 
is limited. During the dry season, from Novem- 
ber to March inclusive, the grasses are hard and 
dry and animals may die from lack of water. 
Further, the cattle are subject to attack by insect 
pests and disease so that it is diSicult to produce 
high-grade beef. Again, they must be driven 100 


to 400 miles to market. Therefore they arrive in 
poor condition and must be fed before shipment 
or slaughter. Also, labor is scarce and pobtical 
conditions are unsettled. Thus, though cattle are 
the chief source of \\^ealth in the Llanos region, 
and grazing is the principal economic activity of 
its sparse population, which seldom rises to as 
many as 10 and generally falls to about 2 persons 
to the square mile, surplus production is rela- 
tively small and export of live animals, meat, 
and hides is limited. That the industry is not 
prosperous is indicated by the fact that there are 
only about half as many cattle grazed today as 
there were 75 years ago, and probably even fewer 
than during colonial times. 

In the Campos region, an area adjacent to the 
Upper Paraguay River and including the border- 
ing uplands of southern Goyaz and Matto Grosso 
in Brazil, conditions are similar to those of the 
Llanos region. During the rainy months of De- 
cember, January, and February, nearly 30 inches 
of water fall; during June, July, and August, the 
total precipitation may be less than 1 inch. Since 
grazing is confined almost entirely to flat, low- 
lying lands, because their proximity to rivers 
affords the possibility of water transportation, the 
pastures are either very wet or flooded during 
the rams. During the dry season, the grass is dry 
and harsh and pasturage becomes so poor it is 
often purposely fired to expose smaller succulent 
growths, to assure a fresh crop of green shoots 
for the cattle. Further, ticks and flies harass the 
animals and transmit disease. Herds are large but 
the quality of the livestock is poor. In attempts 
to improve it, zebu or hurrjped cattle have been 
introduced, but there are no fences so that con- 
trolled breeding is difficult. In addition, the meat 
from the crossbreeds is poor. Here, as in the 
Llanos, the grazing industry supplies only a 
relatively small surplus, much of which is mar- 
keted as jerked or dried beef. In spite of these 
handicaps, the grazing of 5,000,000 or more head 
of cattle affoids the principal basis for support of 
the limited population of the area. 

Use of the Savannas of Africa for Grazing, 
In the Sudan, to the north of the equator in 
Africa, the savanna or tropical grassland repre- 
sents a zone of transition between the dense 
forests of the Congo basin and the desert vege- 
tation of the Sahara. This change is not sudden 
but gradual. First, the grassland is broken by 
ribbons of forest, where streams or ground water 
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permit tree growth of some type, then rolling 
grassy plains, scattered with trees and interrupted 
by occasional ridges, occur; and, finally, the 
desert, all at moderate elevations. In this area, 
cattle are the principal support of a laige frac- 
tion of the dense native population. But, though 
the Fulani heidsmen of northern Nigeria and 
those of other tribes depend on their heids, 
surplus production is limited. 

South of the equator, in the Union of South 
Africa, surpluses are larger, for there the grazing 
industry is in part earned on by white popula- 
tions, employing native labor. In the Great 
Karroo, the Upper Karroo to its north, the Little 
Karroo to its south, and in the High Veldt, 
where precipitation ranges from 5 to 15 inches, 
both cattle and sheep are grazed, with cattle 
most important in the High Veldt. Except there, 
the sheep, merinos, are raised for wool, in the 
High Veldt, for both meat and wool, cattle, for 
meat and dairy products. 

In the terraced foreland of the Cape Province, 
in Natal, and in the Basuto highlands, where 
precipitations range from 20 to 30 inches, the 
native Bantu populations depend on cattle and, 
to a lesser extent, on sheep as their basis for 
support, though agricultural use of the land might 
seem possible, considering the amount of rainfall. 
Despite the large number of cattle grazed, how- 
ever, there is little or no surplus„production, the 
only animal product which enters into trade in 
any important quantity being wool from the 
2,000,000 sheep of the Basuto highlands. 

Among these Kaffir pastoral populations, 
dwelhngs are simple and the plan of the kraal 
or village reflects the importance of livestock. 
Among the Zulus, of whom there are approxi- 
mately 230,000, inhabiting well-watered grassy 
plateaus of 2000 to 4000 feet elevation, which 
lie roughly between 27° and 29° South latitude 
and 31° and 33° East longitude, for example, 
the kraals are circular enclosures, with a ring- 
shaped fence or stock corral at their centers. This 
is surrounded by the conical huts of the inhabi- 
tants, and these, in turn, by an outer enclosure 
or barricade. 

In addition to grazing flocks and herds, these 
populations practice limited agriculture, raising 
meahes or maize, Kaffir corn or millet, yams, 
tobacco, and various vegetables. Milk, never used 
fresh, and mealies are the staple foods. Cattle are 
likewise the chief form of wealth as weU as an 


important basis for support, puces being com- 
monly reckoned in cows. Thus the price of a 
wife varies from 10 to 20, and occasionally to as 
many as 80 cows, in the case of an outstanding 
belle. 

The sedentary native populations of the savan- 
nas, though dependent primarily on grazing for 
support, with agriculture of secondary impor- 
tance, produce Imt, little -in the way of surpluses 
for exchange.,^ and the same is true for more 
advanced, sometimes white populations of similar 
areas. Again, it cannot be expected that produc- 
tion will increase greatly or that white occupa- 
tion of such grasslands will expand materially, 
at least in Africa, for the savannas of that conti- 
nent already support dense native populations. 
Possibly the distant future may witness an in- 
crease in the importance of commercial grazing 
and the production of increased surpluses by the 
savannas of the tropics, but if such proves to be 
the case there is little to indicate its probability 
today and much to encourage the belief that they 
will always remain at best only second-rate areas 
for commercial grazing. 

Steppe Grasslands and Their Use. Stej^gps are 
grassy plains and low plateaus of intermediate 
latitudes, or even of the margins of the tropics, 
but typically developed in areas with cold, dry 
winters, hot summers, and from 12 to 20 inches 
of precipitation, the exact amount varying with 
latitude and the rate of evaporation. On their 
better watered margins in the United States, they 
merge gradually along a fluctuating line with the 
tall grass prairies,, where rainfall exceeds 20 
inches and there is abundant soil moisture at 
depths of 2 feet or more, and a change in the 
soil type. On their drier borders everywhere, 
they grade imperceptibly into semidesert and 
desert grasslands, this boundary likewise be- 
ing variable and marked by a change in soil 
type. 

On the better watered eastern margin of the 
Great Plains, a typical steppe area in the United 
States, the short grama grass of the north and the 
buffalo grass of the south (see Fig. 244) give 
way to tall bluestem, needle grasses, and the 
numerous flowering plants of the prairie (see 
Fig. 243) ; on the drier western border, to clumps 
of grass and scattered desert shrubs such as sage, 
mes q uite, creo sote bush, and yuccas. (See Fig. 
245) . The boundary line to the east is roughly the 
100th meridian; to the west, the steppe giass- 
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Fig. 278 Ranch and sheep near Calgary, Alberta, Canada. The high plains here have an elevation 
o£ about 3500 feet, a rainfall of 16 inches, bitterly cold winters, and hot summers. These conditions are 
satisfactory for the support of short grasses but not for agriculture, except with irrigation, hence most of the 
land is used for grazing. (Courtesy of the Canadian National Railways.) 


lands extend to and into the foothills of the 
mountains and the deserts of the southwest. 

In these steppe grasslands, the relatively small 
amount of precipitation is ample to support short 
grasses, some hard and some soft, with thorny, 
shrubby growths and cacti dominant in the drier 
areas. Not only is the rainfall limited, but the 
amount received in any one year is subject to 
great departure from the average so that, where 
agriculture is attempted, periods of drought, 
sometimes of several years duration, often wipe 
out all gains of the wetter years, when rainfall is 
sufficient to permit production of bumper crops. 
Attempts at dry farming have, therefore, been 
generally unremunerative, except in the more 
favored portions of the steppe grasslands. Be- 
cause of the limitations climate imposes, these 


grasslands should in general be used for grazing, 
for, even under irrigation, agriculture is often 
improfitable. 

Under such use, returns are generally satisfac- 
tory, except as overgrazing levies such a toll on 
the native grasses that they are destroyed in part 
and the carrying power of the range is decreased 
to an extent that profits disappear. When this oc- 
curs, both wind and water cooperate to decrease 
still farther the value of the pasturage, with 
initiation of erosion. To reestablish the grasses 
after their destruction by overgrazing and erosion 
is difficult in such dry areas where, even under 
the most favorable conditions, vegetation must 
wage a continuous and strenuous fight for exist- 
ence. 

In these steppe areas, the grazing industry 
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may be either nomadic or commercial in char- 
acter, dependent in considerable part on the 
stage of development of the population. Among 
less advanced groups it is often nomadic, with 
self-sufficiency the major objective and standards 
of living low; among more advanced populations, 
commercial in type with the objective production 
of a surplus for exchange and standards of hving 
high. Everywhere, commercial grazing today 
presses on the hmits of steppe grasslands given 
over to nomadic herding, with the result that 
the latter has retreated to the less accessible and 
desirable areas. In either the nomadic or com- 
mercial grazing of steppe areas, both sheep and 
cattle are raised; sheep in the drier portions; 
cattle where the precipitation is heavier and 
pasturage is better. 

The Grazing of Sheep. The grazing of sheep 
is one of the more important as well as one of 
the oldest of man’s uses of the land. Supposed 
to have originated in the dry plateaus of Eurasia, 
it has spread into similar areas in Australasia, 
Africa, and both Americas. Such use of the land 
enables effective employment of many and di- 
verse areas not valuable for other purposes, 
particularly those of the drier steppes, because 


sheep can feed on very short grasses and poor 
pasturage; their fleece protects them from cold, 
and they can go without water for days or even 
weeks if feeding on succulent food. 

Grazing of sheep has always been an industry 
of the frontier, either temporary or permanent, 
giving way to more profitable uses of the land 
with the change in opportunity which accom- 
panies development. This frontier character of 
sheep grazing results in part from the fact that 
sheep can be raised where other animals cannot 
subsist and in part because wool, nex^- to cotton 
the most important of our natural textile fibers, 
can be handled at low cost and without spoilage 
in transit. The same is true for sheepskins. Thus 
the grazing of sheep to supply wool and skins 
is generally most important in the driest and 
most inaccessible of the areas used for raising 
sheep. The third product, meat, is, on the con- 
trary, secured from those areas where transporta- 
tion conditions are better. Thus Australia, an area 
the size of continental United States, with 60 
per cent of its land surface best adapted to rais- 
ing sheep, specializes in merinos and wool pro- 
duction in the drier areas, where better watered, 
in raising sheep for mutton. 



Fig. 279. A California cattle ranch m the Salmas Valley, about 30 miles south of Salmas. The cattle 
are grazed on the Coast Ranges in the background when winter rams make pasturage good. In this view, 
taken in July, they are feeding on alfalfa, raised with irrigation. 
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On our own western range, sheep were for- 
merly grazed in large bands of from 2000 to 5000 
on free and unfenced pasturage, under the care 
of herders, and often in competition with cattle. 
Today, with disappearance of the temporary 
frontier, some 20,000,000 head aie grazed on 
owned or leased land, with a total capitalization 
which may be as high as" $14 per animal. With 
this practice, winter feeding is necessary, except 
in the south where the range is relatively fiee 
from snow throughout the year. Even there, sup- 
plementary feeding may be practiced when 
natural pasturage is inadequate. This affords 
effective use for local crops, grown under irri- 
gation. Despite feeding, losses resulting from 
straying, eating poisonous plants on the over- 
grazed range, depredations by predatory animals, 
and attacks by parasites, average from 7 to 10 
per cent each year. Many of the range sheep are 
raised primarily for mutton. These are shipped 
east to better watered areas to be fed for the 
market. The sheep products, wool, skins, and 
meat, are of great importance to man, particu- 
larly the wool, which is used for making clothing, 
blankets, carpets and other articles. In the United 
States, we do not produce our annual require- 
cent of 5 pounds per person, hence we must 
import large amounts from other parts of the 
woild. Fortunately, wool is a substance which is 
not destroyed completely in use but may be re- 
claimed and used several times. Therefore annual 
production does not have to equal consumption. 
Further, increased use of new fibers, many of 
synthetic origin, has caused a decrease in the 
demand for wool, as the area devoted to the pas- 
turage of wool sheep and the production of wool 
has diminished. This shrinkage of the area de- 
voted to such use IS often desirable, for it indi- 
cates that man, despite his occasional and too- 
frequent lapses, does make some progiess in 
effective use of environmental opportunity. 

The Grazing of Cattle. The grazing of cattle 
is an important industry, not only on the tropical 
savannas where it is an economic activity of 
many self-suflBcient native populations, and of 
some importance as a source of surpluses, but in 
areas of steppe grassland as well, where com- 
mercial production dominates. Though we do not 
know exactly where the grazing of cattle origi- 
nated, we are certain that it^had its beginnings 
in the better watered grasslands of Eurasia, 
possibly in southern Asia. From this center it 


spread to other parts of the Old World, perhaps 
as an accompaniment of the great movements 
of population of earlier times and, with discovery 
of the Americas, to the New World. 

At the present time, the most important areas 
devoted to commercial cattle grazing are the 
better watered steppe grasslands, particularly 
those of the Western Hemisphere. Much of the 
better watered Great Plains region of the United 
States, and adjacent areas across the Interna- 
tional Boundary in Canada, for example, are in 
such use today. There, the cattle are grazed dur- 
ing the summer on fenced range and fed during 
the winter or when pasturage is poor, much of 
the hay used for supplementary feeding being 
grown under in igation, either on the individual 
ranches or in adjacent irrigated agricultural areas. 
Grazed on the range, these cattle are commonly 
shipped east for feeding before slaughtering. 
Thus they serve as a means for marketing agri- 
cultural products in the form of finished beef, 
when meat prices ensure a profit. 

A second commercial grazing area of some im- 
portance in the United States is located in central 
and southern Cahfornia, where a combination of 
hght rainfall and a winter maximum of precipi- 
tation ensures grass rather than tree growth, and 
limitation of agricultural use of the land, except 
under irrigation. Here, winter pasturage, good 
because of winter rains and no snow cover on the 
low hills of the Coast Ranges, is supplemented 
by irrigated pastures of alfalfa or some other 
fodder crop during the summer. 

A somewhat similar grazing industry is found 
in other parts of the world vdth the same type 
of climate. Thus there are large numbers of sheep 
laised for wool in Spain, and other Mediterranean 
countries have comparable grazing industries, 
but principally the raising of sheep and goats 
rather than cattle. Reference to the Old Testa- 
ment will show that this industry has long fiour- 
ished around the east end of the Mediterranean, 
for in Biblical times the Hebrews were largely a 
pastoral people. This is indicated not only by the 
accounts of flocks, herds, and pastures, but by 
the numerous figures of speech in the Old Testa- 
ment wliich indicate the existence and impor- 
tance of the pastoral pursuits. 

Grazing of animals, so long important as an 
economic activity of man, has, with the passage 
of time, declined markedly in relative impor- 
tance, today being restricted to those less promis- 
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ing areas where it has not been supplanted by has largely disappeared and other activities can 

other more profitable economic activities. Further no longer challenge the cattle and sheep suc- 

shrmkage of the grazing area will probably be cessfully in competition for the areas they use; 

inconsiderable, nothing like that experienced in in fact, grazing may even recapture certain areas 

the past, for the temporal y frontier of agriculture now in unwise agricultural use. 

QUESTIONS AND EXERCISES 


1. Upon what do pastoral nomads depend for sup- 
port? How large are the numbers of such popu- 
lations^ Are they increasing or decreasing? What 
fraction of the earth’s land surface do they oc- 
cupy? Describe their migrations and state their 
cause 

2. Why are material possessions limited among pas- 
toral nomads^ Why did such populations for- 
merly raid their more fortunate neighbors? Did 
such incursions ever assume serious proportions^^ 
Why do they no longer occur to any important 
extent? 

3. Locate the homeland of the Kirghiz How does 
its location favor pastoral nomadism as a way 
of life^ What is the area and population of the 
Kirghiz S S R ? 

4. Describe the topography, drainage pattern, cli- 
mate, and native vegetation of the homeland of 
the Kirghiz. In what respects do they favor a 
nomadic pastoral life? 

5. What are the domestic animals of die Kirghiz^ 
What is the yak? For what is it used by the 
Kirghiz? For what are their other domestic ani- 
mals used^ What is meant by ‘‘transhumance”? 

6. Describe the migration of the Kirghiz from 
winter to summer pastures? Is this a simple 
movement? Why? 

7. What tasks do the Kirghiz men perform^ The 
women^ How is the Kirghiz shelter or yurt con- 
structed? How IS it adapted to the life the 
Kirghiz livei^ 

8. Describe the material possessions, die clothing, 
and the food supply of the Kirghiz. 

9. To what extent has commerce developed among 
the Kirghiz? What is die nature of the trade? 

10. What changes are occurring in the older ways of 
life of the Kirghiz? What has produced this 
change? 


11 Describe the homeland of the Navajos, their 
migrations, and their habits of life. What eco- 
nomic activities serve as the basis for their sup- 
port? 

12. Describe the hogans and the settlements of the 
Navajos. What are the causes of their migra- 
tions? 

13. Contrast nomadic herding and commercial graz- 
ing as to locations where carried on, methods fol- 
lowed, and objectives. 

14. What are savannas^ Describe their vegetation. 
Why is pasturage poor much of the time? De- 
scribe the use of the savannas of South America. 
Of Africa. 

15. What are the handicaps from which the grazing 
industry suffers in savanna areas? Why is com- 
mercial production of animal products small m 
such areas? 

16. What is steppe grassland^ Where and under 
what climatic conditions does it develops Into 
what other areas do the steppes merge on either 
margm? 

17. Discuss the grazing of sheep on steppe grass- 
lands Why is tins always a frontier economic 
activity? 

18. How has the sheep-grazing industry altered on 
our western range within recent years^ What 
products of this industry enter into traded From 
what types of area does each of the products 
come? 

19. Why are the great commercial cattle-grazing 
areas steppe rather than savanna grasslands? De- 
scribe grazing practices on our western range. 

20. How has the relative importance of the grazing 
industry altered during the past 200 years? Will 
grazing continue to retreat before the advance 
of agriculture as it has in the past and, if not, 
why? 
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chapter Thirty 

PRIMITIVE AGRICULTURE 


The Beginnings of Agriculture. The beginnings 
of agriculture are so lost in antiquity that its his- 
tory is essentially that of man, subsequent to the 
time when his habits of life were clearly diflFeren- 
tiated from those of the higher animals. These 
beginnings doubtless occmred when it was dis- 
covered, probably by germination of seed acci- 
dentally dropped near camps, under conditions 
favorable for growth, that certain wild plants 
could be propagated to advantage on plots of 
ground chosen for that purpose. This marked an 
important step along the path of progress of the 
human race, since domestication of plants elimi- 
nated the waste of effort involved in searching 
for the wild species which satisfy certain of man's 
needs; it obviated the necessity for frequent shifts 
of location to secure the yields afforded by nature; 
and it ensured both a better and more adequate 
supply of food. Then, more or less fixed settle- 
ments and sedentary habits of life became possi- 
ble. Thereafter, it must have been but a relatively 
short time before discovery that, by selection of 
seed, plant varieties could be improved and 
greater productivity assured. From such simple 
beginnings, the centuries have witnessed the 
gradual evolution of our present-day crops, some 
resembling their wild ancestors but slightly, and 
our current agricultural practices. 

Not all parts of the world have experienced the 
same amount of change from what must have 
been the earliest types of agriculture. Thus many 
less advanced populations still continue, more or 
less unmodified, the practices of much earlier 
periods, such as those described by Caesar for 
the Germanic tribes. For example, the Fang, a 
Bantu people of the Gabon, a division of French 
Equatorial Africa, still practice a migratory, ex- 
ploitive type of agriculture, associated with other 
supplementary economic activities which afford 


part of their food supply and other necessities of 
life. This population group and their methods 
of obtaming a hvelihood will be described as 
illustrative of the primitive agricultural and other 
practices of migratory, semiagricultural popula- 
tions of tropical forests. 

The Fang and Their Homeland. The Fang or 
Fans, whose name means “men,” were formerly 
an inland people of the hilly plateau north of the 
Ogowe River and its afiEuents, but their migra- 
tions have today carried them to the south and 
west into the lower Ogowe Valley, so that they 
now occupy much of the Gabon, being neighbors 
of the Mpongwe or Pongos, a settled Bantu popu- 
lation established near Libreville, south of the 
Gabon, they have even reached the sea in several 
places. For purposes of this consideration, 
N'Djole, in the middle Ogowe Valley, will be 
considered as centrally located with reference to 
their territory. 

The surface and soils of the area occupied by 
the Fang vary considerably. In the extreme west, 
where the Ogowe River widens to over a mile, it 
flows through an alluvial plain with moderately 
productive clay soils. In this well-watered plain, 
where many water-filled depressions and lakes 
border the course of the main stream, conditions 
are relatively favorable for man. Somewhat far- 
ther upstream, however, where the edge of the 
African plateau begins a few miles above N'Djole, 
the river narrows as it crosses north-south ridges 
which rise to elevations of from 500 to 800 feet. 
Here, valleys are narrow and steep sided; erosion 
is active; soils are hard, compact clays. Above 
N'D]ol6, in the area drained by the tributaries 
of the Ogowe, hilly and mountainous tracts are 
interspersed with alluvial de'posits of consider- 
able elevation. In the extreme east, the soils are 
impervious, of low humus content, and poor. 
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but except along the river courses the land sur- 
face is somewhat more level. 

Rainfall is everywhere abundant, except in the 
extreme northeast, averaging about 60, but vari- 
able bom 50 to more than 70 inches, both fiom 
place to place and from year to year in a definite 
locality. This amount of precipitation is not uni- 
formly distributed, for theie aie two rainy seasons, 
with two intervening dry periods each year. The 
first of the two rainy seasons begins about the 
middle of March and lasts through May; the 
second, in early October, continuing until late 
in December. Rains are torrential in character, 
as much as 7 inches of water sometimes falling 
in a 24-hour period. The seasons of heavy rainfall 
are times of flood in the Ogowe River and its 
tributaries, the main stream, which has an effec- 
tive channel depth of not more than 3 feet during 
low-water stages, then rising as much as 20 feet 
or more above low-water levels and flooding ex- 
tensive tracts of land. 

Throughout the area occupied by the Fang, 
temperatures are continuously moderate to high, 
varying from about 65° F. during the dry months 
of July and August to a maximum of 85° F. in 
the shade in February and March. The most 
comfortable time of the year is the second and 
longer dry season, which lasts from June to late 
September. This is the favorite season of both 
natives and whites, for the weather is then agree- 
able, forest trails are at their best, and food is 
abundant. 

Except in the extreme northeast, forest covers 
the entire area. There, it is restricted to narrow 
belts along stream courses, the interstream areas 
being covered with grassy growths and scattered, 
stunted trees, much as are the better watered 
margins of the Sahara. Due to periodicity of the 
rainfall, plant growth is not uniform throughout 
the year. During the dry season, from mid-June 
to mid- September, vegetative growth is checked 
and some of the trees shed their leaves; with be- 
ginning of the rains in early October, vegetation 
revives, to flower and fruit toward the close of 
the wet season. 

Agriculture and the Animal Industries among 
the Fang. The agriculture of the Fang is ex- 
ploitive in type, not based on prolonged cropping 
of any tract, but upon clearing, temporary use, 
and abandonment of fields when decrease in their 
yields becomes serious. Such use of land is obvi- 
ously impossible except in a sparsely populated 


region, and is common only with primitive types 
of agricultmal practice. 

The Fang regulate their activities according 
to the seasonal distribution of precipitation. 
Clearing of new land for the larger plantings 
usually begins in late January and early Febru- 
ary, when it is relatively dry. Fiist the under- 
bush is cut by use of the machete, a large, heavy, 
imported knife, which has displaced the "ffa” or 
knife of native manufactuie during late years. 
This work is done by both sexes. After removal 
of the underbrush, the men attack the trees, ex- 
cept for a few forest giants and some of those 
winch bear edible fruits. All this work is done 
with difficulty, for the heat is trying, some of the 
trees are large, and the tools used primitive and 
poorly adapted for removal of the dense forest 
cover. The work of clearmg must be completed 
by the last of February, for the rams are due 
shortly thereafter and the brush still remains to 
be burned before their coming. This is done early 
in March and m the soil, fertilized by the humus 
of the forest and the ashes of the burning, plan- 
tains or bananas, manioc, yams, gourds, and other 
crops are planted, which, taking advantage of 
the rains of late March and the high tempera- 
tures, grow rapidly and serve to provide a food 
supply. If the rains fail, crop yields are reduced; 
if they come too soon, planting is prevented and 
the clearing cannot be used. However, disastrous 
famine is unknown and no one dies of hunger, 
for many of the native crops are hardy and the 
plantain fruits throughout the year. Hence there 
is little or no storage of food except of limited 
amounts of dried meat. The only precaution 
necessary to ensure against food shortage is to 
make certain that new plantings come into pro- 
duction with exhaustion of those which have been 
in use for two or three years, by the end of which 
time yields mil have decreased seriously. With 
such a system of agriculture, producing areas 
shift rapidly and continually and, with their shift, 
settlements too alter their location. 

In addition to the clearing, work is also neces- 
sary in June, when weeds threaten to choke out 
the plantings. Otherwise, the larger fields, located 
at some distance from the villages, need little or 
no attention, except that they must be watched 
to protect them from marauders and destruction 
by wart hogs and other animals. Near the settle- 
ments, the Fang also cultivate small gardens in 
which vegetables such as groundnuts, cucum- 
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Fig. 280. The homeland of tlie Fang, a Bantu population of the forest area of equatorial Africa. 


bers, tomatoes, and others are grown. These are 
cleared during August and planted early enough 
to take advantage of the October rams, their 
crops ripening in December, when rams dimmish 
and days are sunny. In both the larger and 
smaller clearings, forest devastation and fire are 
preliminary to cultivation in these migiatory 
agricultural activities. 

The Fang have few domestic animals. Chick- 
ens, ducks, and a few sheep and kids, the latter 
reserved for the payment of debts, the purchase 
of wives, and for use as sacrifices, make up the 
complete list. Often the number of sheep and kids 
for an entire village will not exceed a dozen, an 
indication of the small importance of the animal 
industries. 


Other Economic Activities of the Fang. The 
Fang secure part of their food supply by gather- 
ing edible forest fruits which ripen during the 
sunny days of the first of the year. Some of the 
fruit is eaten fresh; some is cooked, when, if 
properly cared for, it will keep for as long as 
two weeks. All the work of gathering and caring 
for these forest products is performed by the 
women, the men contribute only by building and 
protecting the temporary camps. 

Fish and game also supplement the food sup- 
ply afiForded by the plantations and gardens. Fish- 
ing, important only during the longer dry season, 
when the water of ponds and lakes is low, begins 
in August and is especially important during the 
last six weeks prior to the first of October. Fish 
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are caught in nets, by poisoning the water, and 
by draining the pools in which they have taken 
refuge. Profitable fishing, however, is hmited to 
those areas where the Ogowe river widens and 
pools are numerous on the flat, bordering alluvial 
plain; elsewhere, where the river current is swift 
over the rocky bottom, fish are few. Nevertheless, 
fishing is attempted even under these unfavorable 
conditions, for fish, plus the plant products of 
field and forest, are the major items of the diet 
of the Fang. 

With such a scarcity of animal food, it is not 
surprising that the Fang hunt whenever and 
wherever opportunity offers. The best times are 
when the rivers flood and game is trapped on 
the higher ground; the best places are those far 
removed from the villages, for there game is more 
abundant. Thus the good hunting season is short, 
and the same is true of the duration of the 
hunting trips, which must be provisioned from 
village supphes. Few women accompany the 
hunters, only a sufficient number to do the cook- 
ing, provide wood, and smoke the meat. If good 
fortune attends, a few wart hogs, antelope, and 
other animals may be secured, the meat of which 
relieves the monotony of the normal food supply 
of the lucky hunters and their families. 

Other economic activities, based on the forest 
resources, but important only since the coming 
of whites, include cutting of ebony, mahogany, 
and rosewood; collection of copal gum and wild 
rubber, now a vanished industry; and the hunt- 
ing of elephants for their tusks. All of these highly 
exploitive economic activities destroy the basis 
for their existence and hence become of continu- 
ally decreasing actual and relative importance. 

Settlements of the Fang. The Fang villages are 
always located near streams and lakes, for these 
afford a supply of water for domestic uses, as 
well as an opportunity for fishing. Further, the 
Ogowe River and its tributaries are the major 
highways. N'Djole, located on the main stream 
at the head of navigation for small river steamers, 
is the commercial center of the territory and a 
focus of attraction for Fang villages. Settlements 
are usually on the bank of a river or lake, but 
always on high ground not subject to inundation 
at times of flood. 

The village plan is very simple: a single street 
bounded on either side by houses, without any 
open space between the individual structures. 
Protection is assured at the two open ends of the 


street by solidly built guardhouses, whose narrow 
entrances and numerous loopholes furnish a view 
of the road and river over which enemies may 
approach. In the larger villages, there may be as 
many as four additional guardhouses, located 
at intervals along the single street, to increase 
the security from attack provided by those which 
block its ends. These structures also serve as com- 
munity halls, common eating places for the men, 
and for the reception of strangers. 

Men and women live in separate rectangular 
huts with roofs of leaf thatch over a light support 
of poles; side walls are of bark, fastened by vines 
to the framework of posts and crosspieces which 
supports the roof. The construction material varies 
considerably, dependent on local supply. Thus, 
sometimes much wood is used; again, but little, 
where the trees do not furnish satisfactory ma- 
terial. Buildings are neither substantial nor large 
and little labor is required for their erection. 
Therefore, when a village is abandoned, no great 
loss is incuried. 

Clothing;, Other Material Possessions, and 
Weapons of the Fang. In common with other 
primitive populations of the warmer parts of the 
earth, the Fang wear little clothing, for it is un- 
necessary. A bark waistcloth is worn by the men; 
a plantain-leaf girdle plus a bustle of dried grass 
by the women. The chief may, in addition, wear 
a leopard skin around his shoulders. This com- 
pletes the attire, except as it may be modified 
by contact with white traders and missionaries. 
Both sexes tattoo and paint the body and wear 
many ornaments. 

The Fang are skillful workers in iron and even 
have a coinage of sorts called ‘‘bikei,” small imi- 
tation axe heads, tied in bundles of ten, and used 
principally for purchasing wives. Household 
equipment, though limited, is more diverse and 
complete than that of migratory hunting popula- 
tions of less favored areas. Weapons include 
muskets, spears, throwing knives, and ebony 
crossbows; bows and arrows are not used. In 
former times, the men carried shields in battle, 
but this is no longer true. Great importance at- 
taches to these weapons, for the only occupations 
of the men are hunting, fishing, fighting, and 
limited participation in clearing the land for 
plantings and the establishment of camps and 
villages. Their characteristics of intelligence, 
ferocity, indifference to Hfe, and the ease with 
which they take offense, make the Fang formid- 
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able opponents in warfare, feared by their neigh- 
bors, who therefore submit to preemption of their 
territory. 

Migrations of the Fang, In addition to tem- 
porary migrations from the villages to gather 
wild fruit in the forest, and to hunting and fish- 
ing camps, the villages themselves are relocated 
every 4 to 6 years. Sometimes the move is minor 
and of only a few rods, rendered desirable by 
disrepair of the houses. At other times, the change 
may involve a shift of as much as 15 miles or 
more. Such a new location means a time of food 
shortage until the new plantings come into pro- 
duction, though this is generally provided agamst 
to some extent by building a temporary village 
until new gardens are established and deferring 
complete transfer to the new site until a food 
supply is reasonably assured. Any one or a com- 
bination of several causes may be responsible for 
the movement of a village. Fundamentally, it is 
forced by destructive exploitation, for each year 
decreases the productivity of large acreages and 
forces additional clearing, so that cultivated fields 
retreat farther and farther from the settlement 
until distances become so great that relocation 
is desirable. The occasion for the shift, however, 
that is, the factor which determines the exact 
time when the village is moved, may be war; the 
hostility of neighboring tiibes; the ravages of 
fields by animals, particularly elephants; deaths; 
or even superstition. With abandonment of the 
old village, it soon decays and its site is recap- 
tured by forest vegetation. 

These migrations of the Fang from one site to 
another, often briefly to locations near trading 
posts until disillusionment follows, when it be- 
comes evident that the white man’s goods can be 
secured only in exchange for the products of 
forest and cultivation and other lesults of labor, 
are a continuing occurrence. Following the 
streams, they have carried the Fang from their 
ancestral home, upstream in the Ogowe basin, 
almost to the sea everywhere, and to the sea in 
places. These lines of migration are marked by 
devastation in the forest. The former growth is 
replaced by worthless brush, certain elements of 
the native vegetation such as the rubber vine 
being destroyed completely. Along them as well, 
land capable of producing the plantain or banana 
shrinks in extent, for agricultural nomadism tends 
to lessen opportunity for cultivation to the point 
of virtual extinction. This 'robber economy” of 
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the Fang was one common in many parts of the 
world at an earlier tune, e\ en in our ou n countiy 
in colonial Virginia; today, commonly confined 
to less well-developed regions, it is found ire- 
quently in areas of tropical forest in South 
Amenca and elsewhere, as well as in Africa. 

Other Primitive Agricultural Occupation of 
Tropical Forest Land. Primitive agricultural use 
of tropical forest areas is not necessarily associ- 
ated with a continually shifting pattern of village 
location. However, the practices of such agricul- 
ture always necessitates either short time or in- 
termittent use of any clearing under cultivation 
by reason of the small amount of available plant 
nutrients in soils where rainfall is heavy, tem- 
peratures are high, and leaching is, therefore, 
both active and continuous. Tins is because, 
under primitive cultivation, little if any prowsion 
is made for artificial replenishment of the supply 
of plant nutrients, when their amount is depleted 
by cropping. Nevertheless, this does not preclude 
the possibihty of support of a sparse, fixed popu- 
lation, if the amount of tillable land is ample. 
Thus the native agiicultural population of south- 
ern Nigeria is sedentary. This is made possible 
by the practice of what is known as "bush fal- 
lowing,” that is, growing a crop, preferably each 
fifth or eighth year only, with bush occupying 
the acreage which is fallow or uncultivated. In 
addition, the “womans land,” or the gardens 
near the villages, is fertilized with household and 
animal wastes. 

The Djuka. An interesting example of the prac- 
tices of primitive agriculture in the Americas is 
afiForded by those of the Djuka of Dutch Guiana, 
in northern South America. These Bush Negroes 
are descendants of slaves who escaped from their 
masters to a life of freedom in the forest, theie 
to estabhsh settlements which have endured for 
more than two centuries. So successful were they, 
indeed, that all efforts on the part of the Dutch 
to destroy them failed. Thus the Djuka today 
do not regard themselves as the inferiois of the 
whites, but as their equals, paying only nominal 
allegiance to the government, and refusing to 
take orders, though sometimes willing to accom- 
modate with their services. 

The Homeland of the Djuka. The homeland 
of the Djuka, which begins a few miles inland 
from Paramaribo, includes the territory bordering 
the middle and upper stretches of the larger 
rivers of central and eastern Dutch Guiana, 
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Fig. 281 The homeland of the Djuka, m central and eastern Dutch Guiana, northern South America. 
(After KI. C. Kahn ) 


with a small and narrow extension into French 
territory, along the Marowhne River. In this 
country hve approximately 22,000 Bush Negroes: 
six tribes in all, with the Saramaccaners making 
up nearly 60 per cent, and the Aucaners 25 per 
cent of the total number. None of the other 
four has 1000 members. Each of these tribes, 
which represents the descendants of a group 
of escaped slaves, is independent, with its own 
territory, government, and with but few relations 
and no intermarriage with the others. 

Elevations of the territory occupied by the 
Bush Negroes vary from less than 500 to a 
maximum of 1500 feet above sea level. Thus they 
are too slight to materially affect the tempera- 
tures of these low latitudes, from 3® to 6° north 
of the equator. Therefore the average tempera- 
ture for the year isabout 80° F., with a de- 
parture of less than 5 degrees in any month. Be- 
cause of the well-distributed annual rainfall of 
from 80 to as much as 120 inches, the ground is 
wet and the air is moist much of the time, sensible 
temperatures are high, and health conditions are 
generally considered poor for white populations. 


Everywhere the forest forms a dense cover, 
interrupted only by the streams, even these are 
confined by walls of impenetrable growths of 
great trees and smaller forms of vegetation, in- 
cluding lianas or vines, which shade their waters. 
Animal fife is abundant and varied. On the land, 
it includes among others the armadillo, agouti, 
peccary, jaguar, puma and other cats; in the 
water, the alligator and many species of fish, 
including the carnivorous piranha, only 6 to 8 
inches in length, but traveling m schools of 
such size as to make bathing dangerous. In the 
tree tops, there are many brightly colored birds: 
parrots, parakeets, and macaws. Others, such as 
kingfishers and great waterfowl, frequent the 
stream margins. Reptiles, including both poison- 
ous snakes and nonpoisonous kinds like the boa 
constrictor, are native to this area, and insect 
hfe is very abundant: vicious fiire ants, carnivor- 
ous mosquitoes, butterflies of all sizes and colors, 
and many more. 

Villages, Highways, and Transportation, The 
villages of the Djuka are located in small clear- 
ings, hemmed in by forest. They are always near 
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Fig 282 A Saramaccaner village on the Surinam or Saramacca River, Dutch Guiana The houses 
with thatched, projecting roofs, and walls of woven reeds and grasses, are scattered 

about the clearing. At the right, in the foreground, is a “God house Beyond the bare clay of the clearing, 
the forest crowds the village (Courtesy of Fred Hardenbrook. ) 
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rivers, wliicli are the highways, but from /4 to % 
mile removed, to escape inundation at times of 
flood. Often, they are on the upstream side of 
lapids or falls which obstruct navigation. Though 
noimally out of sight fiom the river, their pres- 
ence may be detected by the corials or dugouts 
tied up at the river bank. 

The villages vary greatly in size, some of the 
smaller ones consistmg of only eight or nine huts. 
These are scattered about the clearing in no par- 
ticular order, interspersed with occasional palm 
and breadfiuit trees. The remainder of the clear- 
ing is bare clay, except for an occasional flower 
garden at its center and scattered ‘‘god houses/'' 
wheie the fetishes stand. The villages are uni- 
vei sally clean and sanitary, for garbage is dumped 
into the stream below their sites, or is fed in part 
to the chickens, and other filth is not allowed to 
accumulate around them. 

Houses and Household Furnishings of the 
Dfiika. The walls and roofs of the houses are 
made of grasses and reeds, woven so tightly that 
they shed ram, the suppoits are tree trunks, often 
elaborately carved. Roofs overhang, keeping the 


interior of the hut cooler, the extension of 3 feet 
or more in front affords shade for “black palaver.'' 
When the owner dies, his hut is abandoned to 
decay. 

The houses are furnished very simply. Ham- 
mocks of woven cotton or grass are used by the 
men, sleeping mats by the women. For con- 
tainers, the Djuka use crude, black clay pots of 
local manufacture; calabashes and gourds; and, 
for carrying yams, rice, and other foodstuffs, 
roughly circular baskets. There is no working of 
iron, for there is no local supply of iron ore, but 
hardwood, carved by the men, is used extensively. 
Some of the utensils, such as the cassava squeez- 
ers, are patterned after those of the Indians, but 
most of them are of West African types and 
patterns. 

Clothing of the Djuka. Relatively little cloth- 
ing is worn, except where the missionaries have 
“incongiuously brought their tribal taboos into 
the bush,” where exposure to heavy rains is com- 
mon. A loin cloth of brightly colored cotton, held 
in place by a string of plaited grass, is the only 
garment of the men when at work; on other occa- 



Fig. 283. A Djuka corial or dugout negotiating a rapids, indicating that, though rivers are the high- 
ways, tliey are often poor. Note how the forest walls in the ri\"er, and the small amount of clothing worn 
by the Djuka engaged in pushmg the dugout upstream against the swift current. (Courtesy of the Nether- 
lands Information Bureau.) 
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Fig 284. At the left is one of the men of the village shown m Fig 282, wearing both the usual loin- 
cloth and a toga or "‘camissa ’’ In his right hand he holds a bush knife or machete; in his left, a seven- 
foot canoe paddle In the background is the tightly wo\en wall of one of the houses, with an elaborately 
carved doorway 

At the right is one of the women of the village, dressed in typical nati\e attire She is engaged in 
pounding cassava flour with a carved wooden pestle. In the background is an open-front cooking hut or one 
of the communal kitchens (Courtes)' of Fied Hardenbiook. ) 


sions, a toga or ‘'camissa,’" made by sewing to- 
gether pieces of cloth of gaudy patterns and 
colors, is sometimes worn over the shoulder. The 
women wear either one or two garments. The 
one always worn is a piece of cloth, wrapped 
around the body from or below the bieast to the 
knee, sometimes supplemented by another, 
clasped at the shoulder. Children below the age 
of ten commonly go naked in the villages. 


The Djuka Food Supply In their practice of 
agriculture, the Djuka till small fields of about 
3s acre in size, located fiom 34 to as much as 5 
miles from the villages. The men prepare these 
fields for use by clearing away the brush with axes 
and bush knives or “nefee.’" Then the clearing is 
turned over to the women for planting, care, and 
harvest, in which the men assist only when pests 
threaten yields. 
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The staple food of the Djuka is cassava or 
manioc, obtained from a root which, after extrac- 
tion of the prussic acid present, is dried and 
made into a flour. This is baked in cakes or 
stewed with fish. Maize, grown to a limited ex- 
tent, also affords part of the food supply, the 
grain being roasted until hard, but never eaten 
green. Upland rice, threshed in wooden troughs 
with pounders, is hkewise a crop on limited acre- 
ages. The Djuka also grow yams, but not white 
potatoes, some sugar cane; and, occasionally, 
bananas, coconuts, pineapples, and breadfruit. 
Palm oil, made from the nuts of certain palms, 
furnishes ‘"Mareepa,” the native equivalent of a 
soft drink. 

To supplement the supply of food from the 
gardens, the D]uka— men, women, and children— 
engage in fishing. Hunting also contributes to the 
food supply to a less important extent. Both guns 
and bows and arrows are used, the latter often 
preferred because they make no noise. With these 
weapons, the Djuka hunt the red howler, the 
tapir or bush cow, the agouti, the peccary, the 
armadillo, the bush turkey, and the bush hen. 
In this hunting, they are aided by mangy ter- 
riers. Some game is also secured by trapping. 
The products of the chase, however, do not afford 
the major part of the food supply, but only an 
occasional treat. 

Other Economic Activities of the Djuka. Since 
some wants cannot be met directly from local 
resources, but must be satisfied by barter, the 
Djuka exploit the forest resource to obtain ma- 
terial for trade. They first locate a tree of the 
desired species, as near to the water as possible. 
Then they clear away the growth around it; 
otherwise it would be held upright by the tangle 
of lianas, even if cut. After it is felled, it is 
squared, hauled to the river, and tied to others 
by lianas to form a raft, which is floated down- 
stream to the white settlements. Since these logs 
are too dense and heavy to float when green, 
each must be supported between two others of 
lighter, softer wood. When the raft reaches 
Paramaribo, it is broken up and the logs are 
exchanged for gunpowder, percussion caps, 
tobacco, salt, cloth, iron, implements, mirrors, 
and similar items. 

The Bush Negro and His Future. The Bush Ne- 
gro leads an essentially self-sufficient, happy, and 
carefree life in his tropical forest environment, 
for his wants are few and these are easily satis- 



Fig. 285. Djuka drummers and elaborately 
carved drums, with hut m the background. Note the 
dress of the drummers. (Photo by Fred Harden- 
brook. Courtesy of the Netlierlands Information 
Bureau. ) 

fled. Almost endless visiting and palaver occupy 
much of his leisure, and his limited contacts with 
others cause him to be but little disturbed as yet 
by the happenings of the outside world. Before 
many years, however, despite his continued re- 
treat into the bush, necessitated by decrease in 
productivity of the fields under exploitive use, 
the encroachment of civilization may be expected 
to wipe out these last remnants of the trans- 
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Fig 286. The Hopi country o£ Arizona includes the area between Jadito and Dinnebito washes, less 
than 40 miles apart, its north and south extent does not exceed 20 miles. 


planted primitive culture of West Africa; the 
Bush Negroes will disappear as a separate popu- 
lation group, they may even be forgotten except 
as their part m early Guiana history may make 
them hve on the printed page. Today, however, 
they still exist as a primitive, semiagricultural 
population, and serve to illustrate such a method 
of life. 

Primitive Indian Agriculture, Primitive agri- 
culture, similar to that practiced widely during 
the earlier periods of history, persists not only in 
the forests of low latitudes, but in other areas as 
well, wherever opportunity presents and intru- 
sion of advanced populations has not displaced 
the older practices. Thus primitive Indian agri- 
culture still exists, with slight if any modification. 


in many isolated, less attractive portions of both 
low and intermediate latitudes in the Western 
Hemisphere. The agricultural system, practices, 
crops, and habits of life of the Hopi Indians of 
Arizona will be considered as illustrative of those 
of such primitive Indian agricultural populations 
of the drier areas. 

Tusayan, the Hopi Indian Country. The Hopi 
coimtry, known to the Spaniards as the “Province 
of Tusayan,” is located about 65 miles north of 
Holbrook and Winslow, Arizona. It today in- 
cludes the 750 square miles of territory which 
lie between Jadito and Dinnebito washes, less 
than 40 miles to the east and west of one another, 
with a width nearly half that great. In this area, 
hve approximately 2800 Hopi Indians. The bal- 









Fig. 287 The pueblo of Walpi, the southernmost of the three villages on the First Mesa. Approach to 
the village, located on tlie edge of the flat-topped mesa, is by the stone stairway, the terrace at its left serves 
as a corral. Note how the buildings blend into the barren, rocky landscape. This pueblo, with a population of 
161 persons, is one of the smaller of the Hopi villages. (Courtesy of the Atchison, Topeka and Santa Fe 
Railway. ) 


ance of the Hopi Indian Reservation, established 
in 1882 with an area of 3920 square miles, is 
peopled by Navajos. At one time, the Hopi hved, 
undisturbed by enemies, near the fields which 
afford most of their support, the name "Hopf’ 
meaning ‘peaceful people.” Later, when threat- 
ened by migration of warlike, marauding tribes, 
they retreated to mesa villages, the pueblos, 
which could be easily defended when attacked. At 
present, these are located on three fingerhke pro- 
jections from the great Black Mesa of the Arizona 
Navajo country, on each of which are three vil- 
lages, with populations of from 116 to 400persons, 


The Hopi Villages. The drab, gray pueblos, 
located on the edge of cliffs, are built on the bare 
rock of the capping sandstone layer of the mesas, 
angular erosional remnants with flat tops and 
steep facing slopes, characteristic of dry areas. 
Approach to the villages, which blend into the 
barren, rocky landscape, is by steep trails up the 
face of the cliffs which border the mesas, making 
use of joints or breaks in the rock as locations 
for the stairways. Terraces formed at lower levels 
by tlie outcrop of resistant sandstones, which are 
interbedded with the softer shales of the hori- 
zontal rock layers of the mesas, serve as locations 
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for protected corrals; the higher ones for sheep 
and cattle; those somewhat lower, for swine. 
On each of the three mesas, the villages are close 
together and they may even merge; those of 
different mesas may be several miles apart. 

To afford additional security, houses, rising to 
as many as four stories, are built solidly around 
courts, with setbacks on the court side, so that 
the stories rise stephke, one above another. 
Formerly, there were no doorways in the first 
story, entrance being by holes in its roof, reached 
by a crude ladder. Walls are of roughly dressed 
and poorly laid stone, plastered with adobe and 
whitewashed with kaolin, a clay available in the 
shale of the mesas; the flat roofs are covered with 
brush and clay, supported by juniper beams and 
poles. Fireplaces, equipped with hoods and chim- 
neys, are located in the corners of the rooms. 

The water supply of the villages is obtained 
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from the scanty flow of springs at the base of the 
mesas, along the line of contact of porous sand- 
stones and impervious shales. Fuel is used spar- 
ingly, since it is scarce and difficult to secure, 
for over-grazing and collection for domestic use 
have destroyed most of the vegetation near the 
villages. Refuse is thrown over the cliff, some 
to land in the con*als, but as much lodges along 
the approaches, the villages are filthy, despite the 
dry air, sun, and strong winds. Such practices, 
plus the compactness of the pueblos and their 
insanitary condition, increase the prevalence of 
disease, tuberculosis and trachoma being com- 
mon, and occasional outbreaks of measles and 
smallpox causing many deaths. 

Agriculture and Food Supply of the Hopi, 
Each family tills from 2 to 10 acres, in small 
patches which often shift yearly, these fields 
being located near washes, sometimes as much 



Fig. 288. Portion of the pueblo of Mishongnovi, on the second Mesa. 
This village has a population of 266 inhabitants. Note the crude masonry 
and the ladder used to afford access to the upper stories. (Courtesy of the 
Keystone View Company.) 
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Fig. 289. Melon patch in dune sand, about one-quarter of a mile from Hotevilla, on the road to Oraibi. 
(Courtesy of the U. S. Soil Conservation Service.) 


as 15 and, in earlier times, 45 miles from the 
pueblos. They are farmed under diJEEculties, for 
this is a dry region with a poorly distributed 
rainfall of but shghtly more than 10 inches. The 
spring months are very dry; even in July and 
August the 6 inches or more of water normally 
fall in a few heavy showers or cloudbursts. It is 
these downpours which make agriculture a possi- 
bihty for, at times of their occurrence, the fields 
bordering the washes are inundated, thus supply- 
ing the necessary water. Often, however, some 
of the fields will be stripped of soil or buried by 
sterile sand, so that only a fraction of the area 
planted can be harvested. Further, arroyo cut- 
ting or gullying has of late years become so 
serious that, where floodwaters formerly spread a 
mile or more over the land bordering the washes, 
they are now confined to the new and deeper 
channel, thus causing shrinkage of the cultivable 
area. Because of elevation, temperatures are not 
particularly favorable, for they rise slowly in the 
spring, frosts being common until past the middle 
of May and occasionally occurring as late as the 
first part of June. To drought, frost, and flood, 
are added the attacks of pests: worms, birds, and 
mice. Thus the Hopi farmer has many handicaps 
and is faced with numerous hazards, the chief of 
which is, of course, the danger of drought. Even 
despite careful, painstaking practices in agricul- 


ture, crop failures from this cause are so common 
that food must be stored to tide over one or two 
years of possible complete crop failure. Rains 
are so vital and the conservation of water is so 
necessary, indeed, that they dominate religious 
beliefs and practices, including that notable cere- 
mony, the August snake dance. 

Crops raised include corn, beans, melons, 
squashes, pumpkins, and wheat, all except the 
last grown from time immemorial. Of these food 
crops, corn is the most important. Some early 
corn, dependent on stored water of the previous 
year’s rains, is planted in favored locations during 
April and harvested about July 25, The late or 
"pig corn,” the important crop, is planted in June, 
replanting continmng to July, when the rains 
occur. To increase the probability of satisfactory 
yields, fields are tested for moisture before plant- 
ing, and hills are spaced 6 feet apart to avoid 
undue drain on the small supply of water avail- 
able. In planting the crop, a hole 1 foot deep 
is made with an iron pipe, partly to loosen the 
hard surface layer. Then this is filled with loose 
dirt to within 5 inches of the surface and the 
com is planted, plenty of seed being used be- 
cause of the large percentage of loss from cut- 
worms, birds, field mice, and wind-driven sand. 
In former times, a planting stick rather than an 
iron pipe was used to make the hole, which 
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affords some protection to the young shoots of 
corn, as well as assures more moisture for their 
root systems. The corn grown is a drought-resist- 
ant variety, only a few feet high, but yields are 
fair in good years. Most of the corn is picked 
green, cooked in its husks, and allowed to dry, 
then reheated before use, though some is allowed 
to mature on the stalks and then ground into meal. 
Beans, the principal variety the gray speckled 
pinto, are eaten green until the vines are pulled, 
then they are shelled and stored. Melons are like- 
wise eaten fresh during the summer but, with the 
coming of frost, all the green ones are harvested, 
these keeping until January or February. Wheat 
and potatoes are of less importance and are recent 
additions to the food crops. Among the fruits, 
peaches, grown on slopes with effective air 
drainage, are the most important. Of the non- 
food crops, cotton is grown, but the acreage is 
small. 
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The Hopi own 4500 cattle, 14,200 sheep, 7500 
goats, 3600 horses, burros, and mules, in addition 
to hogs and chickens. However, the animal in- 
dustries, though supplying meat, wool, skins, and 
transport, are secondary to other agricultural 
activities. 

Other Economic Activities of the Hopi. Other 
economic activities include basketry, the manu- 
facture of pottery, weaving, and silver-working, 
with the first two the more important. All of this 
work except the making of baskets, but includmg 
the weaving of both cotton and wool, is done by 
the men, the best Indian weavers of the South- 
west. They hkewise till the fields, harvest the 
crops, tend the flocks, secure the fuel, and sup- 
ply the building material for the pueblos. These 
are built by the women, who thereafter assume 
possession of the house and ownership and care 
of all the material wealth, including the harvested 
crops. 


QUESTIONS AND EXERCISES 


1. When and how did agriculture probably have its 
beginnings? 

2. Locate and describe the physical environment of 
the area occupied by tlie Fang 

8. Why is it proper to describe the agriculture of 
the Fang as ^'exploitive” in type? What are the 
disadvantages of such a type of agriculture? 

4. When are the larger fields of tlie Fang cleared? 
Why? What crops are grown^ For how many 
years can a field be used? Why for so short a 
period? Why does the type of agriculture prac- 
ticed by the Fang necessitate frequent shifts of 
location of the villages? 

5. What care do the Fang give the crops after 
planting^ How important are the animal indus- 
tries among the Fang? 

6. To what extent do the Fang depend on wild 
plant and animal life to satisfy their needs? 
What do they obtain from such sources? 

7. Where are the Fang villages located? Why? 
What is their plan and type of construction^ 
How is their protection assured^ 

8. How often are the Fang villages relocated^ De- 
scribe the process of relocation. What causes the 
relocation^ Why may this be a time of food 
shortage? Why has such a relocation of the vil- 
lages caused a downstream migration of the 
Fang? 

9. Who are the Djuka and where do they live? 
Why do they consider themselves the equals of 
the whites? 


10. Describe the physical environment of the terri- 
tory occupied by the Djuka. What are the num- 
bers of the Djuka^ How many D]uka tribes? 
How did these tribes originate^ What are their 
relations with one another^ 

11. Where are the Djuka villages located? What 
serv^e as highways in this area? Describe a 
Djuka village: its plan, houses, household fur- 
nishings, and sanitary conditions 

12. How do the Djuka dress^ Wliy is too much cloth- 
ing a disadvantage? 

13. Describe Djuka agriculture as regards the loca- 
tion and clearing of the fields, the crops grown, 
and tlieir care. 

14. In what economic activities, other than agricul- 
ture, do the Djuka engage? 

15. Compare the li\ mg conditions and economic ac- 
tivities of the Fang and Djuka What is the 
probable future of such primitive semiagricul- 
tural populations of tropical forests^ 

16. Are all primitive agricultural populations of the 
tropics migratory in tlieir habits? If not, how do 
they find it possible to practice agriculture for 
long periods of time in a given area? What is 
meant by "bush fallowing”? 

17 What are the boundaries and the population of 
the Hopi country^^ Describe the physical en- 
vironment of this area 

18 Where are the Hopi villages located^ Why^ 
What are their populations? Describe the plans 
of these villages and the construction and ar- 
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rangements of the houses Where are the corrals 
for the animals located^ What is the source of 
the village water supply!^ Why is disease preva- 
lent m the villages^ 

19. Where are the cultivated fields of the Hopi lo- 
cated*'^ Why^ How far are these fields from the 
villages? W^hen are the fields planted^ Why^ 

SELECTED 

Brunhes, Jean, Human Geography, Rand McNally 
and Company, Chicago, 1920, pp 350-368 

This reference supplies a somewhat more ex- 
tended description of the homeland and of the eco- 
nomic and other activities of the Fang than that 
in your text. 

Bryan, Kirk, ‘The Papago Country, Arizona,” Water 
Supply Paper 499, U S Geological Sui\ev, Wash- 
ington, 1925 

This paper affords an adequate description of 
the physical conditions of the Papago Country, 
where the Papago Indians carry on agriculture un- 
der conditions even more unfavorable than those 
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How are they cultivated and what crops are 
grown 

20. What other economic activities of the Hopi sup- 
plement the returns from agriculture^ What is 
the division of work between the sexes among 
the Hopi^ In whom is the ownership of material 
possessions vested? Why? 
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chapter Thirty-One 
ORIENTAL AGRICULTURE 


The Development and Effects of Agriculture. 
Agricultural use of the land always modifies the 
natural environment, even though practices are 
those of primitive, migratory production, char- 
acterized by short-time use of tracts cleared and 
frequent shifts of location of cultivated fields. 
The change produced, however, reaches its maxi- 
mum in regions occupied by more advanced, 
sedentary populations. In such areas, not only is 
the natural cover of grass or forest removed and 
the soil tilled, but crops, frequently new to the 
environment, are grown on the same fields for 
many years in succession. This is also generally 
accompanied by the production and use of vari- 
ous domestic animals. In fact, few of the eco- 
nomic activities of man alter the natural en- 
vironment as fundamentally as do the practices of 
sedentary agriculture. 

Such agricultural use destroys much of the 
native plant and animal life, substituting forms 
new to extensive, continuous areas. Not only 
are useful plants and animals introduced, but 
others as well, which frequently displace many of 
the native species not destroyed by actual cul- 
tivation and grazing. Thus the flora and fauna 
become altered so greatly that reconstruction 
of past conditions from present evidence is often 
difficult. 

Accompanying the inroads of cultivation and 
displacement of native plants and animals, high- 
ways, both improved roads and rail lines, appear 
where formerly only game trails and stream 
courses interrupted the continuity of the cover 
of native vegetation. Houses to accommodate 
the sedentary agricultural population dependent 
on continuous use of definite fields dot the land- 
scape, and urban aggregations spring up at 
irregular intervals to serve the needs of the 
surrounding agricultural areas. In these towns 
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and cities, the maximum of alteration is mani- 
fest, for change there may be so extensive as to 
modify both surface materials and features and 
cause such essentially complete destruction of 
native life forms that cultural rather than natural 
features dominate the landscape. 

The beginnings of modification of extensive, 
continuous areas by sedentary agricultural activ- 
ities had their origin in two centers: one in 
southern and southeastern Asia, the other at 
the eastern end of the Mediterranean. From the 
first of these two centers, sedentary agriculture 
pushed to the north in China and into Japan; 
from the second, it spread to southern and even- 
tually to western and northwestern Europe, and 
thence to the New World, Australia, northern 
Asia, and southern Africa. Today, its advances 
have been so extensive that the agricultural 
frontier has disappeared in most parts of the 
world, though other frontiers of at least as great 
significance and promise remain to challenge 
human enterprise and endeavor. In the relatively 
few places where the agricultural frontier, either 
temporary or permanent, still persists, it lies 
along the borders of cold, dry, or very wet areas, 
into most parts of which profitable agriculture can 
advance only with great difficulty, if at all, and 
only where means of offsetting present handi- 
caps have been devised. 

The exact character of the advance of agricul- 
ture varies both with the region invaded and the 
population group which develops the area into 
which agriculture pushes. Physical conditions 
everywhere hmit agricultural opportunity by 
favoring or refusing the possibility of econom- 
ically important yields of definite crops. For 
example, one area may permit profitable produc- 
tion of rice, sugar, and other crops which can be 
grown effectively under similar conditions; an- 
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Fig. 290. Major regions of agricultural use of the land with Oriental practices 


other, of wheat, barley, flax, and those crops 
with comparable climatic and soil requirements. 
The farmer is therefore limited by environmental 
conditions in his choice of crops which can be 
grown profitably. Thus the character of the 
advance is affected by environment. However, 
choice of the specific crop to be grown is the 
result of individual, personal decision, which 
likewise influences the type of cultivation and 
often the objectives of production as well. Some- 
times, therefore, cultivation will be intensive; 
sometimes extensive, sometimes few animals will 
be kept and used; again, by contrast, the animal 
industries will bulk large in the regional economy. 
Thus decisions of the population group affect the 
rate and character of the advance of agriculture. 

Today, in addition to primitive, sometimes 
migratory production, there are two contrasting 
agricultural systems: one, the Oriental, which 
spread from the southern and southeastern Asiatic 
center, the other, the Occidental, from the center 
at the eastern end of the Mediterranean. Which 
of the two is practiced affects both the extent of 
the potential agricultural area and its possible 


use. We shall consider the first of these two 
systems in this chapter, the second, in chapters 
which follow. 

Oriental Agriculture, Oriental agriculture is 
characterized by small farms, intensive cultiva- 
tion, httle use of machineiy, much hand labor, 
and production of relatively small surpluses of 
most agricultural commodities, particularly of 
foodstuffs, few of which enter world trade in 
important quantities from areas where this type 
of agriculture is practiced. It is, therefore, an 
essentially self-sufficing, garden type of agri- 
culture. Where highly developed, it permits sup- 
port of almost incredibly dense agricultural 
populations, as dense as those of highly indus- 
triahzed areas, by ensuring maximum yields at 
all costs. In some cases, in fact, the returns from 
such use of the land represent the fruits of labor 
rather than the bounty of nature, in a very real 
sense. Such practices mean, not alone expendi- 
ture of effort out of all proportion to returns, but 
as well -a choice of crops dictated by the quantity 
of food obtainable rather than by the quality of 
the supply secured. Thus they represent appre- 
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ciable sacrifice to ensure comparative security, 
attained by laboriously achieved, small returns. 
This results in fieezmg the standard of living at 
a low level. Obviously, they pieclude the possi- 
bility of expansion of agriculture into submar- 
ginal agricultural areas, where use of machinery 
is necessary to secure profitable production. The 
general form of such Oriental agriculture is con- 
ditioned by environmental opportunity, the exact 
pattern by human choice. Thus Oriental agricul- 
ture is of two general types: (1) that of the rice 
lands, and (2) that of areas used for growing 
other small grains and legumes such as the soy 
bean. 

The Rice Lands, The rice lands support ap- 
proximately one-third of the earth's total popula- 
tion, though comprising considerably less than 
8 per cent of its land surface. Concentration of 
such a large number of people dependent on 
agriculture on this small fraction of the earth’s 
surface produces the maximum densities of rural 


population known. In the rice-growiiig provinces 
of the lower Yangtze \"alley, for example, the 
number of inhabitants to the square mile in 
purely agricultural areas varies from 980 to 6880, 
according to Mallory. Certainly, few areas, even 
those which are highly industriahzed, can match 
these densities. Such concentrations are made 
possible by the fact that, under favorable con- 
ditions and the intensive cultivation of Oriental 
agriculture, a given area of land supplies much 
more food than it would if used to produce other 
cereals. 

Not only does nee afford a large amount of- 
food from each acre of land under cultivation, 
but it is likewise a crop which can be grown with 
few and simple tools, so simple that the type of 
production employed in Oriental agriculture is 
sometimes described as '"hoe culture." This is a 
great advantage in such areas, where individual 
landholdings are commonly small and a large 
investment in expensive tools and machinery 


Fig. 291 An agricultural scene in the Hwai catchment area, central China Production, except as earned 
up the lower slopes by terracing, is confined to the flat alluvium of the valley floor, which is well adapted to 
growing rice, tlie major cereal crop. Other crops grown m this area include wheat, maize, peas, hemp, tea, and 
bamboo Of this list, the annual crops are grown on the rice fields during the winter months, the bush and tree 
crops, tea and bamboo, on land unsuitable for other production. (Courtesy of the U. S. Soil Conservation 
Service. ) 





Fig. 292 A remarkable example of terracing for rice production by the Ifugaos, Mountain ProvincCj P. I. 
(Courtesy of the U. S Soil Conservation Service ) 


would be economically unsound as well as im- 
possible of realization by the farmers. In addi- 
tion, rice is well adapted to the topographic, soil, 
and climatic conditions of the rice lands, whereas 
most other cereals are not. Therefore the crop is 
one well suited to most of the areas where it is 
grown as the major cereal: warm plains regions 
with dense agricultural populations, in general 
with but relatively slight commercial and indus- 
trial development. 

The Rice Crop and Its Habitat. Rice is a crop 
of plains areas which are or can be flooded, for 
it must be grown on fields covered by standmg 
water. The water, moreover, must be kept at 
an approximately uniform depth of 6 inches dur- 
ing die period of growth, hence the fields in rice 
must be nearly level. Where rice is raised on 
even moderate slopes, therefore, it is necessary 
to resort to terracing and to modify the natural 
slope between the retaining walls sufliciently to 
insure tolerably level surfaces for the individual 


fields where the crop is grown. Where terracing 
is not necessary, the land may be so flat and 
poorly drained that the paddies or fields are wet 
and often underwater in places, even during their 
preparation for planting, so that the farmer must 
work in mud as much as a foot or more in depth. 
Though this is disagreeable, it simplifies the 
problem of working the soil with crude plows and 
hand tools for, when wet and soft, the soil turns 
over more easily than it would were it dry and 
hard. Such wet land, well adapted to growing a 
swamp crop such as rice, is unsuitable for the 
production of other cereals, except after drain- 
age, which is always expensive and sometimes 
virtually impossible. Occasionally, such wet fields 
are ridged by hand labor, so that strips of dry 
soil, on which crops may be planted, are exposed. 
These are winter crops. Though this is sometimes 
done, yields are often low, because of poor soils, 
so that the venture may be uneconomic. 

Rice is believed to have been native in India 



ORIENTAL AGRICULTURE 


417 



Fig. 293 Rice land in east central Honshu, with hit Fuji m the background Cattle rather 
tlian horses are commonly used as plow animals in preparing the land for planting where it is so 
wet. (Courtesy of the Keystone View Company.) 


and adjacent areas of southeastern Asia, and 
possibly in South China as well. From its wild 
ancestor, the seed of which was probably gath- 
ered and used as food by many generations of 
migratory, primitive native populations, have 
evolved the many types of rice grown today. 
Some of these have been so speciahzed by careful 
selection and breeding that they can be grown 
successfully far to the north of the original home 
of the cereal; others of less importance are 
adapted to upland cultivation. From the original 


center of dispersal, rice growing spread to the 
islands off southeastern Asia, notably to Java, but 
to a less important extent to Sumatra, Borneo, the 
Celebes, and New Guinea. To the north, its cul- 
tivation eventually extended as far as Korea and 
into the islands of Japan, today one of the great 
rice-producing areas of the world. To the west, 
expansion was for many years checked by aridity, 
and it was not until modern times that rice grow- 
ing hurdled this barrier and invaded the Western 
world to any appieciable extent. Where grown 



418 HOW MAN OBTAINS HIS LIVELIHOOD 


elsewhere than in the Orient, the crop uses 
limited areas of flat, wet land, poorly adapted 
to other crops or entirely unsuited for their 
production, and cultivation is much the same as 
that for other cereals grown under Occidental 
systems of agriculture. Thus, even today, most of 
the rice grown, 90 per cent or more, is produced 
by the rice lands of the Orient. 

Rice Growing and Progress. Production of rice 
generally necessitates cooperative effort, for much 
work IS commonly needed to prepare the land 
and secure the supply of water necessary for 
irrigating the fields. With initiation of rice grow- 
ing, food supply becomes more abundant and 
more people can be supported in the same area. 
Further, in Oriental regions the agricultural sys- 
tem employed in production makes it possible for 
many persons to find employment in growing the 
crop. Thus population tends to increase steadily 
up to the limit of the possibilities of the land to 
afford food supply and gainful employment for 
all 

With continuous tenure of definite areas and 
this increase of population, the people of the rice 
lands find it desirable to establish an orderly 
society. Therefore effective social and govern- 
mental organizations tend to develop. Further, 
whereas the migratory hunting, pastoral, and 
agricultural populations of adjacent areas shift 
from place to place, with the minimum of re- 
sponsibility, often without the exertion necessary 
to make great progress, the tillers of the rice 
fields are tied to the land. Responsible for the 
repair of dikes and care of the crop, they soon 
learn the fundamental lesson that, without the 
assumption of individual responsibility and the 
exertion of sustained effort, little advance is possi- 
ble and that but httle more than a bare existence 
may be expected or can be secured. Thus rice- 
growing areas became those of greatest develop- 
ment and accompanying cultural advance among 
the lands of the lower latitudes. 

Jam: An Example of the Rice Lands. Java 
affords an excellent illustration of the fact that 
the growing of rice under an Oriental system of 
production will furnish support for enormous 
numbers of people, for the island, smaller than 
Iowa, likewise predominantly an agricultural 
area, supports approximately 16 times as many 
people as does that state whose staple cereal 
crop is corn, grown with Occidental practices. 
This is despite the fact that much of Java is 


mountainous, whereas most of the land of Iowa 
is arable. 

Most of the Javanese live on small farms which 
average about 2 acres in size, from the produc- 
tion of which they obtain their support, industry 
and trade are of secondary importance only. In 
certain of the better parts of the island, a combina- 
tion of favoring natural conditions makes possi- 
ble the support of agricultural populations in 
excess of 1500 and, occasionally, of 1700 persons 
to the square mile. Few areas in the world, even 
those which are highly industrialized, support 
such dense populations, and still fewer, where 
agriculture is the basis for a livelihood. 

Such dense agricultural populations are possi- 
ble only where necessities are few in number and 
standards of living are low. In Java, continuously 
high temperatures decrease food requirements, 
lessen the amount of clothing necessary, elimi- 
nate the need for substantial houses and the use 
of fuel for heating, all decreasing the costs of 
living. Even with these favoring conditions, wants 
must be reduced to the bare essentials, if all 
are to have their demands met. Therefore the 
desires of the rice-eaters which can be satisfied 
are relatively few: food, a limited amount of 
simple clothing, a house of sorts, and a few other 
needs of basic importance. 

Fortunately, the Javanese are not conscious of 
suffering any hardship from what we would con- 
sider deprivations, strange as this may seem to 
us, in fact, they are actually a very happy people 
when their few wants are met. The explanation 
for this is perhaps to be found in established 
habits and social customs partially related to cli- 
matic conditions which are not conducive to 
energy, according to Huntington, so that but 
little thought is given to the fact that fortune 
might have been more kind. Thus happiness is 
aclueved with what is available. Possibly there 
may be something to be said for this point of 
view. 

Certainly, life is more leisurely in these warmer 
areas than in the higher latitudes and time, as 
we know it, loses its meaning and value. Woik, 
indeed, is for long hours, but not at the pace to 
which we are accustomed, for what is not done 
today may be done tomorrow, and tomorrow 
never comes. Why worry about the day which 
never arrives^ This disregard of the value of time 
is general, not only in Java, but throughout the 
rice lands. 
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Where standards of living become fixed at low 
levels and food supply is sufiicient, or can be 
increased to satisfy needs by some additional 
effort, population tends to become dense and 
to mount until restricted by limitations imposed 
by the available food supply. These conditions 
are met in Java, hence the dense and increasing 
population, 5,000,000 a century ago, but now 
probably in excess of 48,000,000. 

Oriental Agriculture in Japan. The island em- 
pire of Japan consists of four large, and many 
hundreds of small islands, stretching from Cape 
Satano in southern Kyushu, 31° 1' North, ap- 
proximately the latitude of New Orleans, to Cape 
Soy ami in northern Hokkaido, 45° 29' North, 
about the latitude of Minneapolis. This is a 
north-south extent of nearly 1000 miles. Yet, 
despite the relatively high latitudes in which 
most of Japan hes, and the great differences in 
climate from south to north, an Oriental system 
of agriculture prevails everywhere. This may 
seem peculiar, unless it is realized that the Japa- 
nese were overseas invaders arriving from the 
south, bringing with them the methods of rice 
production learned in the areas from which they 
came. 
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Originally, the islands were occupied by the 
Ainu, a population dependent laigely on hunting 
and fishing, and making only limited agricultural 
use of the land. With the arrival of Japanese in 
the southern islands, the Ainu were either gradu- 
ally forced north into the less desirable parts of 
Hokkaido or they disappeared by assimilation. 
Today, only a few remain, even in Hokkaido, 
and these few are segregated in restricted dis- 
tricts. 

In the south, where the climate is subtropical 
in character, and in places so warm that crops can 
be grown out of doors throughout the year, the 
introduction of rice as the major cereal crop 
presented no problem, since many small alluvial 
plains, as well as the climate, favored produc- 
tion of the crop. Even when its cultivation 
pushed farther into the main island, Honshu, 
rice could still be grown without great difficulty, 
but its northward progress was finally halted 
by the short frost-free season in Hokkaido. For 
many years, therefore, the Japanese avoided this 
northern island, except for its fisheries, for it 
did not appear to offer opportunity. With its 
more recent agricultural occupation, the prob- 
lems arising with attempted use of the land for 
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Fig. 294. An agricultural scene m late April, on the rice lands of the Ishikari Plain, Hokkaido. In the 
foreground are the unfenced paddies with piles of nee straw, which will later be plowed under as fertilizer; 
to the right is the irrigation ditch, paralleled by a typical gravel road; in tlie background are the snow- 
oovered mountains from which the water for irrigation is secured. The scattered farmhouses are located on 
the individual farms, which are not fragmented, as tliey are in the southern islands. 
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Fig 295. Typical agricultural scene m the middle of May, on the east coast o£ southern Honshu, near 
Hiroshima. In the background are the agricultural villages at the foot of the upland, in the foreground, 
the flat alluvium where rice is grown. To the left, the paddies have been ridged and winter crops are grow- 
ing on the elevations, between which water stands In the foreground, a Japanese farmer, using an ox as a 
draft animal, is plowing a wet paddy, in preparation for planting rice. 


production were so new and formidable to the 
Japanese that foreign experts from the Western 
world were brought in to advise as to the best 
crops and the methods best adapted to their 
production in this north country, where wmters 
are as long or longer, and the weather is almost 
if not quite so cold as in southern Minnesota 
and Wisconsin. Following the advice of these 
experts, the Japanese introduced some crops, 
new to their experience, particularly oats. They 
also eventually succeeded in perfecting a variety 
of rice that would mature during a 90-day frost- 
free season, which permitted them to grow their 
favorite cereal, though somewhat less effectively 
than farther south, where both the quahty of the 
crop and yields per acre of land in production 
are better. With all crops grown, however, the 
practices employed were those of Oriental agri- 
culture, with minor modifications made necessary 
by the long winters and relatively sparse popula- 
tion. Thus Japan exhibits both types of Oriental 
agriculture within her borders, as well as the 
merging of the two systems. (1) that of the rice 
lands; and (2) that of areas of other small grains 
and the legumes. 


Farm Size and the Pattern of Rural Occupa^ 
tion in Japan Japan is everywhere a land of small 
farms, the average farmer working about 2.6 
acres of land, or a tiact approximately half the 
size of an average city block. This statement, 
however, may convey an exaggerated impression 
of the size of the average landholding in the 
south, which is increased materially by the larger 
size of the farms in the northern island, Hokkaido. 
There, the average rises to over 7 acres, in part 
because it is a newly settled area and in part 
because only one crop can be grown each year 
on a field, in view of the long, cold winters. Thus 
nearly 70 per cent of all farms are actually smaller 
than the average of 2.6 acres. In fact, over 
25 per cent are only shghtly larger than a fair- 
sized city lot, and owners of as many as 12 acres 
or more comprise but 1 per cent of all farmers. 

The individual farm of the southern islands 
ordinarily consists of several scattered, unfenced 
tracts, possibly six in all, each subdivided into a 
number of small, irregular fields, so that it may 
include as many as 20 separate subdivisions, each 
less than half the size of a small city lot. Typ- 
ically, the farmer of the southern islands lives 
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in an agricultural village, from which he goes out crops occup) only land which cannot be used for 
to work his scattered holdings, about 50 per cent rice, or land which cannot be so used during the 
of which are normally rented. In Hokkaido, the winter months. The other food crops such as 
noithern island, the farmei generally lives on his wheat, barley, rye, buckwheat, potatoes, and 
farm, which is ordinarily not fragmented. With others are therelore "filler crops,’" using land 
such close agricultural settlement, Japan is a which, either temporarily or permanently, can- 
veritable human anthill; in the occupied plains not be used to advantage for rice production, 

areas where agricultuie is possible, even the The dominant position nee occupies in the 
country literally swarms with people, and all agricultural system of Japan results from a corn- 
work from sunrise to dark every day of the week, bination of favoring circumstances. First, and of 
some on the dry upland fields, some in the mud of paramount importance, is the fact that the arable 
the rice fields, in an effoit to secure a living from land is largely alluvial in character, much of it 
the relatively unproductive soil. very fiat, low-lying, and permitting flooding 

Rice in Japa7i Japanese agriculture is Oriental wathout difficulty. Topographically, and with re- 
in type, with rice everywhere the most important spect of irrigability, such areas are therefore suit- 
cereal crop, even m most parts of the northern able for rice production without expensive prep- 
island of Hokkaido, wFere winters are both long aiation. Further, the poorly aerated soils, though 
and cold and only one crop a year is possible. satisfactory for use in gi owing rice, are not suited 
In the southern islands, rice is more important for ordinary upland cereal crops. In Hokkaido, 
than all other cereals combined. In fact, so im- these soils of the \vetter flat land tend to be peats 
portant is it in the agricultural system that it is and mucks, likewise capable of producing rice 
grown whenever and wherever possible. Other but not well adapted to other crops except 



Fig 296 An agricultural scene in early April, on the Kwanto Plam, north of Tokyo Here, the paddies, 
tliough muddy, are not co\ ered by standing water Some are in winter crops of vegetables, grown for the 
Tokyo market; others are idle, but the farmers are already repairing tlie ridges between them, preparatory 
to planting time The trees on the ridges are of no value except that the\ ser\ e as supports to which poles will 
later be lashed horizontally On these, the nee will be hung up to dry, after it has been harv'ested. It will be 
noted that the trees have been pollarded, that is, their tops hav’e been cut out, for only tlie ti unks are neces- 
sary for use as supports. 
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Fig. 297. An agricultural scene in eastern Honshu in late May. Winter cereal crops on the 
higher parts of tlie alluvial plain are ready for harvest; the flooded rice paddies have not been 
planted as yet In the foreground, the road skirts the edge of the upland The steep slopes of the 
hills are not in agricultural use and, except as they accommodate houses, are covered with 
brush and trees. (Courtesy of the Keystone View Company.) 


without such extensive drainage and heavy fer- 
tilization as to prevent profit. 

Second, the yields of rice are high, of late 
years averaging in excess of 40 bushels per acre. 
This is one and one-half times the number of 
bushels of wheat per acre in Japan, and the gain 
in food values secured by growing rice rather 
than wheat is even more pronounced, highly im- 


portant in this densely populated part of the 
world. 

Third, Oriental practices in agriculture, par- 
ticularly in growing rice, involve much hand 
labor. This is supplied by the dense population, 
dependent on and made possible by the crop. 
This dense population not only makes possible 
the growing of rice by Oriental methods of pro- 
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duction, but it ensures as well the necessary over the paddy before plowing. Thus, when the 


employment for the large supply of labor avail- 
able. 

Fourth, rice is a crop which stores well, much 
better than most crops of the tropics, in fact, 
almost as well as wheat. The phenomenal keep- 
ing qualities of this latter cereal are indicated 
by the saying, '‘as good as old wheat in the bm,” 
and by the numerous fantastic stories, none true, 
that wheat m such good condition that it grew, 
when planted, has been discovered in the ancient 
tombs of Egypt. The good keeping qualities of 
rice are important, for much of southern Japan 
has warm to hot, humid summeis. 

Fifth and last, but not necessarily least im- 
portant, the Japanese like rice. It is, in fact, their 
preferred cereal food, annual consumption 
amounting to an average of 5/2 bushels per capita. 
It is very fortunate that they do like this cereal, 
for it is the only one which can be grown on 
large areas of the land used for agriculture, for 
reasons which have been stated previously. 

Other Crops in Japan. Some of the arable land 
of Japan cannot be irrigated to advantage, in 
v/hich case it is used for growing other cereals: 
rye, wheat, barley, and buckwheat, other food 
crops such as white and sweet potatoes, beans, 
and vegetables; or crops like tea and mulberry. 
These are all grown, as is rice, by the expendi- 
ture of much effort, and yields are high. In the 
south, where it is warm throughout the year, 
such crops may be grown at any season, though 
summer is best, in Hokkaido, where winters are 
severe, only during the summer. In addition to 
upland fields devoted to crops other than rice, 
the paddies in the southern islands, if not too 
wet, are often ridged and uspjd for food crops 
other than rice during the whiter months. Thus 
the crops of Japan are the familiar ones of this 
country and much like those of comparable lati- 
tudes elsewhere, but the piactices employed in 
their production are very different from those 
of the Western world. 

Agricultural Practices in Japan. Oriental agri- 
culture, in Japan as elsewhere, involves the ex- 
penditure of much labor, but the use of few and 
simple tools. In the growmg of rice, for example, 
the land is first plowed then worked over by 
hand with a mattock. T1 is is done to thoroughly 
break up the soil and erasure effective incorpora- 
tion of the organic material, such as rice straw 
from the previous year's crop, which is spread 


field is ready for planting, the wet soil has been 
reduced to a thick mud of about the consistency 
of oatmeal porridge. Then the rice plants, grown 
in seed beds to permit the most effective use of 
the land, are set out by hand in the field. When 
the crop matures, it is harvested with sickles 
and threshed in the farmvard by use of simple 
homemade devices. All other crops are grown 
with a similarly great expenditure of labor by 
men and women alike, for both work in the fields 
in the rice-growing areas of Japan. 

The fields are m continuous use, year after 
year, and, where climate permits, throughout the 
year as well With this procedure, it is possible to 
grow two, or sometimes even three, crops each 
year on the same field. This intensive use of the 
land IS made necessary by the fact that the indi- 
vidual farmer may secure not only his food but 
his entire livelihood from what is really no more 
than a large garden. Therefore he often practices 
what is known as "interculture,"' that is, the 
growing of two different crops on a field at the 
same time, planting them at different times so 
that, when one crop is coming up, the other is 
maturing. It likewise leads to the use of very 
poor soils and to the terracing of slopes in order 
to increase the productive area. 

The Japanese farmer is considerably handi- 
capped by the fact that much of the soil of the 
arable land is inferior to poor and, even where 
this is not true, continuous cropping of the same 
fields year after year, and often throughout the 
year as well, causes a serious drain on the supply 
of plant nutrients in the soils. Therefore heavy 
fertilization, necessary to maintain productivity, 
is the normal practice. In the absence of an ani- 
mal industry of any importance, especially in the 
southern islands where agriculture is most in- 
tensive and double ci opping is common, "night 
soil" is collected and used to supplement such 
farm wastes as are available. Each day, the night- 
soil collector makes his rounds of the houses and 
inns of the uiban centers, and each day a long 
procession of carts loaded with buckets of this 
fertilizer wends its way from the cities to the sur- 
rounding agricultural areas of the southern 
islands Stored in "fertilizer wells” with other 
wastes, the mixture fennents and “ripens” until 
such time as it is applied to the crops. 

With such practices, it is possible to maintain 
and even increase soil fertility and to secure very 
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Fig. 298. A Japanese threshing machine in full swing, Shizuoka, southern Japan. Here, the 
gram is bemg beaten out on gratings. In other cases, the head of the rice is drawn through 
combs, the teeth of which loosen the grain; or, again, a flail may be used. In all cases, thresh- 
ing is by the use of simple devices. ( Courtesy of the Keystone View Company. ) 


large yields of all crops grown. Thus these often 
average twice as great as those we obtain on 
much better soils, used only part of the time. 
However, it should not be inferred that we ought 
to imitate these Oriental practices, for the high 
yields are secured only by an expenditure of so 
much labor that they are often largely returns on 
labor rather than from soils. Even in Japan, where 
human labor is cheap, it is probable that some 
of the agricultural production is in reahty not 


economic. Further, though every effort is being 
made to increase agricultural production in 
Japan, it is conceded to be economically un- 
profitable to accomplish this by additional ex- 
penditure of labor, despite the low wages and low 
standards of hving. 

The Animal Industries) in Japan. In view of the 
cheapness of human labor, and because density 
of the agricultural popudation forces use of the 
land to produce the maximum amount of food. 
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Fig. 299 Buckets of fertilizer on their way to the farm, Kyoto, Japan At the left, the ox-drawn cart is 
loaded with “honey buckets"; at the right, the horse-drawn wagon, with bucket in front, has stopped m front 
of the mn on the corner to secure night soil 


there are relatively few horses or dairy cattle on 
Japanese farms. This is especially true in the 
south, where farms are smallest and population 
pressure on the land is greatest. There, the few 
cattle that are kept are draft, not dairy animals. 
In Hokkaido, where population is less dense, 
farms are larger and much of the arable land is 
upland which cannot be irrigated effectively. 
Thus crops other than rice assume greater relative 
importance in Hokkaido than in the southern 
islands and animals are more numerous but, 
even there, they are few in number by our 
standards. The minor importance of the animal 
industries everywhere m Japan is indicated by 
the small annual consumption of animal prod- 
ucts, which averages only slightly more than 2 
quarts of milk and 3 pounds of meat per capita. 
This consumption can increase only if the land 
is freed from the necessity of supporting so many 
and, as yet, no feasible method of accomphshing 
this result has been proposed. 

Some Frohlems of Japanese Agriculture. De- 
spite painstaking cultivation and the high yields 
secured by the Oriental system of agriculture 
practiced throughout the four main islands of 


Japan, both the individual farmer and the coun- 
try are faced with several serious agricultural 
problems which press for solution The individual 
farmer is handicapped by the small size of his 
farm and its fragmentation. The first Hmits his 
total production, the second interferes with effi- 
cient cultivation for, even were machinery with- 
in his means or available by cooperative pur- 
chase, the small size of the fields would prevent 
its use. Further, not only are the individual farms 
small, but much of the land, over half of that in 
rice, is cultivated by tenants and rents are high, 
50 per cent of the net yield. Again, the limited 
amount of land makes it high in price, much of 
the rice-producing land being held at $1000 or 
more per acre, which places it out of reach of the 
average farmer. Thus most of the farmers are 
poor, and no amount of effort on their part will 
remedy this condition. 

From the standpoint of the country as a whole, 
it would be desirable to increase the acreage 
under production in order to ensure more food 
for the steadily increasing population, but this is 
virtually impossible, since there are no desirable 
unoccupied frontier lands in any of the islands. 
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Fig. 300. Fertilizing sweet potatoes. The buckets, swung from the ends of the pole carried 
by the woman, contain the fertihzer. One of the men is dipping it from the bucket at the right; 
the other man is applying a dipperful to the plants. This procedure insures that none of the 
fertilizer will be wasted. (Courtesy of the Keystone View Company.) 


Therefore such additions as are made are almost 
entirely by drainage of swamps, reclamation of 
sea bottom, carrying of cultivation farther up the 
slopes by terracing, and subjugation of active 
coastal dune areas. The gains from such additions 
must be small and the costs often too high to be 
justified. The only other alternatives which will 
increase total yields are cultivation of varieties 
which yield better returns, increased use of fer- 
tilizer, and expenditure of more labor m produc- 


tion. The last two are not economically feasible; 
the first may lead to some increase, but the pros- 
pect IS not very promising. Thus the individual 
farmer must be satisfied with small and probably 
decreasing returns, and the country with lack of 
self-sufficiency in agricultural products. 

Population Problems and Agriculture in Japan. 
For 100 years and more, prior to 1860, the popu- 
lation of Japan remained essentially stationary at 
30,000,000 but, since that date, increase has been 
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Fig 301 Rear view of a farmstead on the Ishakari Plain, about 8 miles east of Sapporo, Hokkaido. 
The greater importance of the animal industries in this northern island is indicated by the barns and the silo. 
Here, tlie Oriental type of agriculture and the appearance of the buildings ha\e been modified somewhat 
by Occidental influence, for the Japanese called m American agricultural experts to advise them as to 
crops and agricultural practices. 


rapid. By 1900, the population had reached 
45,000,000; at present, it is approximately 76,- 
000,000, with the present increase at the rate of 
900,000 or more each year. 

This dense population, largely agricultural, has 
been made possible by the Oriental type of agri- 
culture practiced, with rice the most important 
cereal crop. At first, this growth in numbers was 
not thought to be alarming but rather an evidence 
of national strength. With a present population of 
nearly 3000 and an agricultural population of 
nearly 1400 persons to the square mile of culti- 
vated land, however, it is causing much concern. 
Further, these densities are the averages for all 
four islands. In the rice lands of the south, they 
are even higher, yet each year an additional 
900,000 or more persons must be assured a living, 
largely from the land. 

On the basis of an estimated average annual 
per capita consumption of 5/2 bushels of rice, at 
least 125,000 acres of new land would have to be 
brought under production each year to provide 
for all the average increase of population; in 
practice, the amount added varies from 25,000 


to 35,000 acres. This is only enough to care for 
less than 25 per cent of the population increase. 
As yet no adequate solution of the problem posed 
by the rapidly increasing population within the 
inelastic limits of Japan has been devised, for 
industrial expansion has not proved sufficient up 
to the present, and extensive emigration appears 
to be impossible. 

Problems of Othet Areas with Oriental Types 
of Agriculture, These problems are not peculiar 
to Japan, for other Oriental areas with dense 
populations suffer at least as acutely. In India, 
for example, subdivision and fragmentation of 
landholdings impose the same handicaps as in 
Japan, intensified by continuous cropping with- 
out fertilization and sale of natural manures such 
as oil seeds. These practices lead to indebtedness 
and poverty even more serious than in Japan, for 
it is estimated that one-third or more of the 
farmers are hopelessly in debt, and only about 
one-fifth are free from indebtedness. This compels 
maximum immediate production, irrespective of 
its desirability, which ensures continuance of low 
yields and poverty, and the necessity for securing 
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maximum yields at all times to escape actual Java, has its agricultural problems, for which no 
starvation. Thus India, like Japan, and even solution is now in sight. 


QUESTIONS AND EXERCISES 


1. How does agricultural use of the land operate 
to modify the natural environment^ 

2. In what two centers did sedentary agriculture 
probably originate^ Where are the present agri- 
cultural frontiers of the world located^ 

3. What factors determine the character of the ad- 
vance of agriculture along the agricultural fron- 
tier^ How does each operate? 

4. What are the two major types of sedentary agri- 
culture^ Describe the characteristics of Oiiental 
agriculture What are its two subtypes^ In what 
country do both occur? 

5. What fraction of the earth’s land surface do the 
rice lands occupy? What is their population^ 
How is such a great density of population pos- 
sible^ Why is rice an excellent crop for such 
areas? 

6. Describe the physical conditions of the lands 
suited to rice production and state the advan- 
tages such areas offer for cultivation. 

7 Where is rice supposed to have been native^ 
Describe the spread of rice production from this 
center. 

8 Why did the rice-growmg areas of the Orient 
develop stable social organizations at an early 
datei^ Contrast this development with that of a 
migratory agricultural population such as the 
Fang. 

9. Describe the agriculture, population density, 
and the standards of living in Java. 

10. Why are the Javanese satisfied with diese stand- 
ards of living which seem so low to us? 

11 What establishes the limits of population densi- 
ties in the rice lands'^ Illustrate by Java 

12 Who were the original inhabitants of Japan^ 
How did they make a living^ Where may they 
be found today? From where did the Japanese 
come? How does this explain certain aspects of 


their agriculture? How did these handicap oc- 
cupation of Hokkaido? 

13. What IS the size of Japanese farms? In the 
south? In the north? Why are they larger m the 
norths How do landholdings and the place of 
residence of the farmers differ in the north and 
south of the four main islands of Japan? 

14. How important is rice among the crops of Ja- 
pan? What position do the other crops occupy 
m the agricultural system? 

15 Why does rice occupy such a prominent posi- 
tion among the crops of Japan? 

16 What crops, other than rice, are raised in Japan 
and where are they grown^ 

17. Describe agricultural practices m Japan, particu- 
larly those of the rice-growmg areas. What is 
meant by intercultuie? By terracing? 

18. Why is heavy fertilization of soils necessary in 
Japanese agricultural use of the land? What is 
used as fertilizer^ Are all Japanese agricultural 
practices justified and, if not, why? 

19. What is the importance of the animal industries 
in Japan? In what parts of the country are they 
most important^ Why? What is the average an- 
nual consumption of such animal products as 
milk and meat m Japan? How does this indicate 
the small importance of the animal industries? 

20. State the problems of Japanese agriculture 

21. What is the present population of Japan^^ What 
was the earlier population? When did marked 
increase of population begin? What is the pres- 
ent rate of increase^ How does this present a 
problem^ What solution would you suggest for 
this problem^ 

22 Is agriculture prosperous in India? How does 
this condition result from agricultural practices? 
How do these tend to perpetuate present con- 
ditions^ What solution would you suggest? 
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OCCIDENTAL AGRICULTURE: 
INTERMEDIATE LATITUDES 


The Agricultural and Other Stages of Mans 
Development, Present-day man has evolved 
through the collecting, hunting, pastoral, and 
agiicultural stages of development to a fourth, 
the industrial. But, though Man has passed 
through all of them, this is not true for individual 
population groups, for there are still migratory 
hunting and nomadic pastoral populations, as 
well as those in the sedentary agricultural and 
industrial stages of development. 

Among those groups today supported by hunt- 
ing and nomadic herding, there has generally 
been some domestication of animals, but little 
or none of wild plant hfe, as has been noted 
earlier for migratory hunters such as the Eskimo 
and Bushman, and for the Lapps, Kirglnz, and 
other pastoral nomads. This was probably true 
as well for other migratory populations in the 
far-distant past, long before the existence of any 
written record. The domestication of animals and 
the growing of gi'ains, moreover, probably had 
their origins in diffeient areas, whose inhabitants 
obtained their livelihoods in quite different ways. 
Certainly, though a nomadic life may permit or 
even favor the domestication of animals, it does 
not encourage cultivation. Therefore it is hkely 
that the earliest grain growers were peaceful 
‘‘collecting” people, possibly living in village 
groups for mutual protection against marauding 
nomads, as some similar populations do today in 
certain parts of the woild. 

The Origin and Characteristics of Early Occi- 
dental Agricidture, The exact place of origin of 
the practice of agriculture still remains a subject 
of speculation and inquiry, but enough facts are 
known to make it relatively certain that the 
Occidental systems and practices trace their be- 
ginnings to developments which occurred at the 
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eastern end of the Mediterranean, in an area 
lying between the lower Nile Valley and that of 
the Tigiis-Euphrates. From this center, they 
spread both east and west. To the east, they had 
only a limited influence on the agriculture of the 
Indus Willey and beyond, to the west, they had 
a maiked effect on that of the Western world. 

It may well be that, as suggested earlier, the 
first plantings of gi'ain by collecting populations 
were accidental, though these later led to pur- 
poseful sowings to obtain a source of food to 
supplement the scanty, uncertain, and often de- 
creasing supply affoided by wild growths. The 
use of domesticated animals for cultivation of 
such crops was a still later development, the 
animals used being a contribution of the steppe 
grasslands. With development of sedentary agri- 
culture, patron divinities to whom the people 
paid homage and tribute, in the hope of secur- 
ing satisfactory returns for their labors, were set 
up in those areas where such agriculture afforded 
the basis for support, for example, in Egypt and 
Greece, to the plains of which the growing of 
bread grains had spread at least as early as 2500 
B.C. Thus the Egyptians prayed to Isis, whose 
tears were believed to cause the floods of the 
Nile which made agriculture possible, the Greeks, 
to Ceres, the goddess of gi owing vegetation, 
from whose name is derived the term “cereal,” 
meaning grain. Some of the preceding statements 
are based on rather limited data, it is true, but 
their probability is undeniable, and such facts 
as are available substantiate them. 

The Spread and Development of Occidental 
Types of Agriculture. With the spread of Occi- 
dental agriculture from the relatively warm areas 
with light rainfall and a winter maximum of 
precipitation at the eastern end of the Mediter- 
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ranean to western and northwestern Europe, 
eventually from there to the Americas and other 
lands of middle latitudes, and, of late, into the 
lower latitudes as well, certain adjustments and 
modifications of earlier practices have developed. 
These have been made possible and desirable 
by the introduction of new crops and by new 
demands. 

Gram growing was probably man’s first ven- 
ture in agricultural production, and the first gram 
grown was almost certainly either a ‘wheat” or 
barley, for the wild ancestors of both barley and 
wheatiike grams are known at the eastern end of 
the Mediterranean, where Occidental agriculture 
had its origin, though the derivation of our 
modern bread wheats is more obscure. As agri- 
culture pushed into the cooler and better watered 
regions to the north, oats were added to the hst 
of cereal crops, wild oats, which have a wide 
distribution across Eurasia, being thought to have 
been first grown as a cultivated crop in the early 
Christian era by Teutonic tribes in north Ger- 
many. Two other cereals, rye and buckwheat, 
were also contiibutions of some importance fiom 
these same cooler areas. With discovery of the 
Americas, still another cereal crop, maize or 
"corn,” was added to the list. Much later, some 
of the grain sorghums such as feterita, milo maize, 
and Kafir corn were imported from Africa, but 
the total effect of their introduction was slight, 
for they are grovm on only hmited acreages and 
only in restricted areas. Rice, introduced from 
southeastern Asia at an early date, is likewise of 
relatively slight importance as a crop in the 
Occidental world, except locally. 

In addition to the grains which became known 
with extension of the areas explored and settled 
by white populations, the Americas contributed 
two other important crops: potatoes and tobacco. 
The former is grown extensively today in widely 
scattered regions, in some of which it has worked 
a revolution in agriculture; the latter, though 
widely used, in more restricted areas and on 
much smaller acreages, in part because of the 
requirements of the crop. In similar fashion, the 
Orient contributed the soy bean, which promises 
to play a much more important part in our agri- 
cultural economy in the future than it has in the 
past, as well as silk, which has never become of 
great importance because of the competition of 
Oriental production. 

The crops listed are not all that have been 
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added as an accompaniment of increased knowl- 
edge of the earth’s land surface and the extension 
of Occidental agriculture into new areas, but 
only the more important. Furthei, the list grows 
in length yearly, for agricultural explorers aie 
combing distant regions with the hope of dis- 
co veiing still others which will fit into our agri- 
cultural systems to advantage. Again, new and 
improved varieties of the older crops: some 
maturing in a shorter frost-free season, some 
giving better yields, some yields of better qual- 
ity, some more disease resistant; and some pos- 
sessing still other desirable characteristics are 
being perfected yearly, so that modification of 
our agriculture may be expected to continue for 
an indefinite period of time. It is this lengthen- 
ing list of crops, from which the individual 
farmer is free to make an effective choice within 
limits imposed by the environment; the expan- 
sion of Occidental agriculture into new regions 
with different possibilities; and the development 
of more adequate transportation systems, agricul- 
tural machinery, and other technical advances 
which have led to the great diversity of agri- 
culture and agricultural practices in the Western 
world. 

With expansion of sedentary agriculture to 
the northwest in Europe, changed climatic con- 
ditions which improved pasturage, the addition 
of new crops including those useful for fodder, 
and the necessity for winter feeding led to the use 
of cattle not only as beasts of burden and plow 
animals, but to supply dairy products and meat. 
Swine, indigenous to these timbered areas, were 
likewise raised, often in the forest in a half-wild 
state, to furnish part of the local meat supply. 
With this greater emphasis on livestock, much of 
the farm activity centered around the animal in- 
dustries in this part of Em'ope. The same condi- 
tion obtains today in parts of the United States, 
Ganada, and other areas in intermediate latitudes 
where pastures are good or the crop system favors 
production of animals and animal products. 

The Pattern of Early Agricultural Occupation 
of Western Europe, In the previous speculations 
as to the origin of gram farming, it was stated 
that it probably developed around settlements 
of sedentary or semisedentary collecting popula- 
tions rather than among migratory hunters or 
nomadic herders. For long thereafter, also, farm- 
ers lived in compact settlements, located near 
their tilled fields. Thus, during the Middle Ages, 
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Fig. 302. Distribution of types of Occidental agriculture. 
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the farmers of much of w-'estern Europe lived in 
self-contained agricultural \allages, meeting their 
own food requirements. Only in years of excep- 
tional harvests did they have a surplus for sale; 
quite as often, indeed, they suffered from short- 
ages or even famine conditions. 

In such villages in England, the arable fields 
were worked in parcels by individuals, all sharing 
alike in good and poor land. Both the meadow 
or grassland and the cultivated fields from which 
the crops had been removed were used as com- 
mon pasture for the village animals. Since it was 
necessary to pioduce the food consumed by the 
inhabitants of each village on its own fields, free- 
dom of choice as to fields to be plowed and crops 
to be grown by the individual peasant was con- 
siderably restricted, to ensure the common good. 
Further, to prevent decreasing pioductivity of 
the arable land, each individual farmer allowed 
either one-third or one-half of his cropped land 
to lie fallow each year, in the absence of adequate 
amounts of animal manure. In many respects, 
therefore, these villages were cooperative units, 
in which the landholdings were administered for 
the good of all. 

Living conditions in these early agricultural 
villages were very primitive. The inhabitants 
lived in clay or wattled huts with thatched roofs 


and no chimneys, so the interiors were often 
smoky and always smoke-blackened. Floors were 
of dirt, furnishings were few and crude, living 
conditions were hard, and life expectancy was 
low. 

These villages, at first lelatively few in number, 
were the nuclei from which agricultural settle- 
ment spread into bordering forest and waste 
areas, as population increased. During the Roman 
period, for example, much of Gaul was wild 
woodland, with the agricultural villages widely 
scattered, its transformation into cultivated fields 
and its present agricultural use did not begin in 
an important way until the middle of the eleventh 
century, when village populations began to in- 
vade the forest margins. Even at that time, con- 
quest of the foiests, marshes, and swamps was 
difficult at the then-existing stage of man’s de- 
velopment, when technological advance had been 
slight and a hostile environment was therefore 
a great deterrent to his occupation of an area. 

Types of Occidental Agriculture Addition of 
new crops to those grown during the earliest 
stages of the development of Occidental agricul- 
ture, particularly those contributed by the Ameri- 
cas, introduced new possibilities in crop combina- 
tions, and the perfection of new varieties multi- 
plied their number. Further, as producing areas 



Fig. 303. A herd of Hereford yearlings feeding on Sudan grass pasture in Cass County, eastern Ne- 
braska. Note the height of the grass, an importation from Africa. These are beef cattle, shipped from the 
short-grass country to the west, an area of commercial grazing, to be fattened for market. When prices for 
fattened steers are favorable, such feeding of range cattle affords a profitable use of crops grown in this 
area of general farming (Courtesy of the U S. Soil Conservation Service.) 
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spread, tiansportation impioved, and urban de- 
velopment increased, markets expanded and spe- 
cialization of production displaced the older prac- 
tices of self-sufficiency to the extent that today 
there are several well- developed types of Occi- 
dental agriculture. In our consideration, we shall 
recognize two major divisions: (I) Occidental 
agriculture of intermediate latitudes, which will 
be discussed m some detail m this chaptei, and 
(11) Occidental agriculture of the tropics, a rela- 
tively recent development, largely of the planta- 
tion type. This second division, Occidental 
agriculture of the tropics, will be considered m 
the chapter which follows. For purposes of dis- 
cussion, the first of these two major types of 
Occidental agriculture, that of intei mediate lati- 
tudes, will be subdivided into: (1) subsistence 
agriculture; and (2) commercial production, of 
which the following four subtypes will be recog- 
nized: (a) general farming; (b) commercial 
grain farming, including dry farming; (c) dairy- 
ing, and (d) intensive and specialized farming, 
both with and without irrigation. In outline form, 
this classification is as follows: 

L Occidental agriculture of intermediate lati- 
tudes; 

1. Subsistence agriculture 

2. Commercial production: 

a. General farming 

b. Commercial gram farming, including 
dry farming 

c. Dairying 

d. Intensive and specialized farming, 
both with and without irrigation 

IL Occidental agriculture of the tropics. 

It should be realized that these classes of farm- 
ing are not necessarily mutually exclusive and, 
as well, that a more extended subdivision would, 
despite the disadvantage of increased complexity, 
permit a more exact assignment of certain farming 
systems to the class of operation in which they 
fall. 

Subsistence Agriculture. Until markets for sur- 
pluses exist, and the possibility of supplying 
needs not satisfied by local production aie avail- 
able, a self-sufficing or subsistence type of agri- 
culture must be practiced. This, then, was the 
type common everywhere for many centuries, it 
was the type practiced by the early American 
pioneer, it still persists in a few areas. With our 
present transportation system, however, and with 
many large urban centers in which surpluses may 


be sold, this type of agucultuie has akeady disap- 
peared from most parts of the world occupied 
by white populations. Only m relatively inaccessi- 
ble regions such as parts of the Ozarks, some 
portions of the dissected Allegheny-Cumbeiland 
Plateau, limited tracts of other rough country m 
southeastern United States, and m comparable 
areas in Europe and elsewhere does this type of 
agriculture persist. Even there, older agricultural 
practices, as well as other survivals from earlier 
periods of histoiy, are undergoing modification 
as isolation disappears. 

In areas such as the Kentucky and Tennessee 
Mountains, a portion of the Allegheny-Cumber- 
land Plateau characterized by a subsistence type 
of agriculture, cultivation is generally careless 
and frequently unwise In past times, the fields 
were often prepared for planting by being ‘‘diug” 
with a branch, for many of the farmers did not 
own plow^s. Such piimitive, shallow cultivation is 
undesirable. Further, when the forest cover of 
the steeper slopes is removed and the soil dis- 
lurbed by agricultural use, excessive erosion 
occurs, the hillside fields are stripped of soil, and 
the formerly productive adjoining flat land is 
covered with sterile sand and loose rock This 
unfortunate result is facilitated by the fact that 
the major and often the only crop, corn, contrib- 
utes but little to holding the soil in place, so that 
the hfe of many hillside fields under cultivation 
does not exceed 5 years. Thus in the Kentucky 
and Tennessee Mountains, an area of early settle- 
ment, much of the land has akeady passed out of 
production permanently and support of the pres- 
ent inhabitants by agriculture becomes incieas- 
ingly difficult, for populations are often denser on 
the productive land than in many parts of the 
com belt. Where subsistence agriculture is prac- 
ticed in European areas, corn is likewise often 
the dominant cereal crop, though it is frequently 
displaced by other cereals on moderate slopes 
and valley floors. There, as well, populations are 
often dense on the hmited areas of arable land, 
and standards of living are low. 

The animal industries associated with the sub- 
sistence type of agriculture are generally of slight 
importance. A few cattle and sheep and, in 
Europe, goats as well, may pick up a living in 
the open forest, but the most important animals 
are often swine. This is both an old and primitive 
type of animal industry. It supported the swine- 
herds of northwestern Europe during the Medie- 
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val period and earlier for, even m Biblical times, 
the "Tusks,” mentioned in the Old Testament as 
affording food for swine, were not those of cul- 
tivated crops, but the pods of the bean-bearing 
carob tree. 

Such farming of poor land does not produce a 
salable surplus. In densely populated areas, in 
fact, it may even fail to yield an adequate food 
supply for the inhabitants, so that malnutrition 
and accompanying disease cause deterioration of 
the population stock. Further, once firmly estab- 
lished, the system tends to be self-perpetuating, 
for poverty makes necessary the maximum possi- 
ble returns which, in turn, accentuates the unde- 
sirable conditions which make the immediate 
return of paramount importance. 

The subsistence type of agriculture, still prac- 
ticed m hmited areas with topographic and living 
conditions such as those shown in Figs. 9, 10, 
33,200, and 201, passes by imperceptible stages 
into general farming, in which ciops are diverse, 
the animal industries normally of considerable 
importance, and surpluses of both crops and ani- 
mal products are sold. 

General Farming. General farming in the 


United States, with its associated animal indus- 
tries, developed from tiansfer of crops and prac- 
tices of the forested areas of western and north- 
western Euiope to the Americas. When first 
instituted, it was essentially the earlier subsist- 
ence type of farming of northern Europeans. 
Except in limited, isolated areas, however, these 
earlier practices have been modified materially 
or displaced completely with introduction of new 
crops, particularly corn, development of new 
varieties of those of longer cultivation, and im- 
proved marketing facilities. 

In those areas where general farming is prac- 
ticed, farms are ordinarily of moderate size, and 
a considerable variety of crops is commonly 
grown. Included in this list are the cereals: corn, 
oats, wheat, barley, rye, and buckwheat. Of these, 
corn is most important, for it is grown wherever 
climatic conditions permit. Where these are satis- 
factory, corn can be grown to advantage 
on acreages limited for the most part only by 
market conditions, the desirability of distributing 
the farm work, and particularly by the necessity 
of a crop rotation or a change of crops to ensure 
continued soil productivity or, in the language of 



Fig. 304. Harvesting Burley tobacco, Fayette County, central Kentucky. At the right, the plants are 
still undisturbed; at the left, they have been cut and inverted on stakes to wilt. Later, they will be hauled to 
the tobacco barn in the background for curing. After curing, the crop will be marketed by auction on the 
" tobacco floors” of Lexington In this area, tobacco is grown m rotation with other crops : corn and bluegrass, 
tobacco followmg bluegrass sod. The animal industries are likewise important in this part of Kentucky. 
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the farmer, to prevent the land from being 
'‘corned to death Of the other cereals, oats rank 
high in importance, furnishing both food for the 
farm animals and a satisfactory crop to be grown 
as part of a rotation. Wheat, barley, rye, and 
buckwheat, and occasionally some other cereal 
as well, are likewise impoitant in many general 
farming areas, sometimes as part of the crop rota- 
tion and sometimes as soils or local maiket con- 
ditions may induce their production. Part of the 
cultivated acreage is also normally used for 
growing potatoes, root, and hay ciops, and some- 
times for soy beans, either cut for hay or grown 
for the beans. All of these may be either cash or 
fodder crops. In addition, part of the land, gen- 
erally that less well adapted to cultivation, is 
left m permanent or semipermanent pasture, 
which may be fertilized; and some m farm wood- 
lots, which may serve as windbreaks, supply fuel, 
or even some lumber for use on the farm. Again, 
there is often some production of fruit and vege- 
tables, principally for home use, and a cash crop 
such as tobacco may be grown on part of the 
land under cultivation. 

In areas of general farming, however, most of 
the crops produced are not sold, but fed to the 
animals, cattle, hogs, poultry, and sometimes 
sheep. For this reason, the economic activities 
of the farm tend to center around the animal 
industries, which furnish an oppoitunity to 
market most of the crops in the form of animal 
products, meat, milk, and eggs. Often, indeed, 
especially in the transition stages to other types 
of agriculture, especially dairy farming, the em- 
phasis on the animal industries becomes so great 
that feed is pin chased to supplement that pro- 
duced on the farm. 

General or diversified farming is one of the 
more important of the Occidental types of agri- 
culture of intermediate latitudes, for it supplies 
much of our food, especially that derived from 
animals, as well as some of the raw materials 
used by industry. On their warmer margins, areas 
where this type of agriculture is practiced merge 
gradually into others with more specialized pro- 
duction, sometimes of a semiplantation type; on 
their drier, cool borders, into areas of commer- 
cial gram farming; on their cooler, well-watered 
sides, into those of dairy farming. These are, of 
course, statements of general relations and there- 
fore subject to local exceptions. Within their 
borders, moreover, certain limited areas are char- 


acterized by special types of production which 
set them apart. 

Thus, not only is there diversity of production 
in areas of diversified agriculture, but hkewise 
considerable variation within the general area 
where diversification is the common practice. 
Despite this variation from area to area, and even 
in any given area or on a single farm from year to 
year, the general pattern of production is rela- 
tively constant over regions of considerable ex- 
tent, with local or temporary departures ordi- 
narily reflecting current market possibilities, 
influenced particularly of late by governmental 
pohcies, and individual choice of the farmers, 
based on conceived opportunity In addition to 
variations induced by these factors, favoring local 
conditions may lead to emphasis of some "money” 
crop. Thus in the Kentucky Bluegrass, where 
many crops are grown and the animal industries 
are of great importance as well, Burley tobacco, 
an air-cured type used in the manufacture of 
cigarettes, assumes importance as part of the crop 
rotation and as a cash crop. 

Diversification of agriculture is highly desir- 
able wherever it is ecenomically possible, for it 
tends to maintain soil productivity unimpaired 
if practiced intelligently, since it involves use of 
any given field for a sequence of crops rather than 
for a single crop, year after yeai. Further, m 
association with the animal industries, there is a 
return to the soil of much of what is removed 
m the form of crops, if feed is purchased, the 
soils may even increase in productivity under use. 
In addition, by spreading the w^ork, for the sev- 
eral crops giown need attention at diflPerent 
times, it enables the farmer to utilize his time 
to good advantage and to keep himself occupied 
for a large fraction of the year, especially if the 
animal industries assume considerable impor- 
tance. Despite this desirability, however, it is well 
to remember that such diversification of agri- 
culture can be effected only w^here natural and 
other conditions are favorable, and that it is 
impracticable in many areas, at least for the 
present. 

As has been mentioned earlier, this type of 
agricultuial use of the land, general farming, is 
associated with farms of moderate size, which 
makes for fair densities of farm population and 
a relatively compact pattern of settlement, as 
shown in Fig. 20 With high productivity as- 
sured by this agricultural system, land prices 
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Fig. 305. Harvesting wheat in tlie Palouse Hills near Pullman, eastern Washington, with use of a Diesel 
caterpillar tractor and a combine. ^With this outfit, it is possible to harvest 50 acres of wheat m a 10-hour day, 
a large acreage for such a short time Sometimes the combines are operated continuously, both day and 
night, with use of floodlights and shifts of workers. Eastern Washington is one of the great wheat-growing 
areas of the United States, for it is favored by both climate and productive, moisture-retentive loessal soils, 
as well as by topography. In few if any parts of die world is agriculture more extensive or highly mechan- 
ized for, on the large farms and with the type of farming practiced, extensive use of machinery is profitable. 
(Courtesy of the Washington State Progress Commission.) 


are relatively stable and high enough to permit 
maintenance of the necessary community serv- 
ices, including good roads and schools. In such 
agricultural communities, small towns which, 
considering their size, do a surprisingly large 
amount of business, are spaced regularly at inter- 
vals of a few miles, so that near-by markets are 
assured. These are all conditions which add to 
the attraction of farm life in areas of general 
farming or diversified agriculture. 

Commercial Grain Farming This type of agri- 
culture, with production of bread grains its 
major objective, and the animal industries of 
slight if any importance, is characteristic o^ the 


better watered steppe grasslands of the Americas 
and Eurasia. In a few localities, commercial 
gram farming also invades both irrigated areas 
and regions of greater rainfall, where either 
speciahzed production or diversification of agri- 
culture is the general practice. Where this occurs, 
however, landholdings are normally moderate in 
size, and industrial or other markets create un- 
usual, favoring conditions or, in irrigated areas, 
markets are not available for the products of more 
specialized and profitable use of the land. Simi- 
larly, commercial grain farming penetrates the 
predominantly grazing areas in places, either 
temporarily or permanently, though returns from 
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such use of the land may be so uncertain as to 
introduce an unwarranted gamble into agricul- 
ture. This production is made possible only by 
special dry-farming practices. 

Where such practices are followed, as in the 
drier parts of the Great Plains and in the Colum- 
bia and Snake River basins in the United States, 
summer fallowing is usual. This means that fields 
are clean cultivated or fallowed, normally in 
alternate years, ordinarily producing a crop of 
grain only once in two successive years. This 
permits use of the rainfall of more than one year 
for producing a crop. Where summer fallowing 
is practiced, fields are plowed early m the spring, 
then harrowed and cultivated during the summer 
to prevent growth of volunteer grains and weeds 
and loss of water by evaporation from the soil. 
Sometimes the land is also plowed again in the 
fall, and the soil is loosened to a total depth of 
as much as 16 inches to permit effective absorp- 
tion of water. Such a considerable amount of 
cultivation to grow one crop necessitates exten- 
sive use of power machinery on large landhold- 
ings to reduce costs, otherwise the generally low 
yields secured would destroy all possibility of a 
profit. 


Such dry farming is speculative in character 
at best for, in addition to the normal hazaids of 
agriculture in better watered regions, great un- 
certainty as to yields is introduced by marked 
variation in annual rainfall. (See Fig. 97 ) Where 
carried on unwisely, or without due regard for 
the limitations imposed by the small amount and 
irregular distribution of the rainfall, attempted 
use of the driei lands for growing crops produces 
disastrous effects which bankrupt the farmers and 
cause much farm abandonment. Where actual 
desertion of the land does not occur, a laige 
fraction of the population may need financial 
assistance in the form of feed and seed loans, or 
relief not disguised as a loan. Further, when the 
implanted soils dry out, they drift before strong 
winds, so that iheir future value for agricultural 
use is impaired or even destroyed completely. 
When this occuis, attempted use of the land for 
growing crops has accomplished only destruc- 
tion of the possibility of its use for the profitable 
grazing of livestock. 

The core of the area of extensive commercial 
gram farming, then, is confined to the better 
watered steppe grasslands lying between areas 
where gi eater rainfall makes diversification of 


'S 



Fig 306 Wheat threshing scene on the steppe grasslands of southern Alberta, Canada, about 35 miles 
south of Calgary Here, topography fa\ors the use of machinery, and climate, wheat production, for the 
rainfall of 16 2 Inches, though too small for corn, is ample for wheat, especially in view of the relatively 
high latitude and the low rate of evaporation, plus the fact that nearly 80 per cent of the total amount of pre- 
cipitation falls from May to August inclusive Farms are large and houses widely spaced in tins part of 
Canada. Shade trees are few in number and difficult to grow because of the light rainfall Therefore, to 
one accustomed to better watered areas, tlie landscape may appear somewhat barren. ( Courtesy of tbe Cana- 
dian Pacific Railway.) 



Fig 307. The Kuban State Farm, m the ‘"North Caucasus.'^ On this “million acre” farm of the USSR, 
the workers live in compact settlements. One of these villages is shown m the foreground, a second in the 
distance to the left, still others, more indistinctly, in 3ie extreme background On this farm, power 
machinery is used extensively tractors, combines, tractor plows, drills, and mowers, and trucks, several 
of which are shown above. In this area, topography and chmate make mechanization of agriculture both 
possible and desirable. ( Courtesy of Sovfoto ) 



Fig. 308. Harvesting winter wheat with a “Stalinets” combine in 1937 on the Sower Collective Farm, 
in the Azov or Black Sea area, U S S.R Here, relief favors use of power machinery and, a combination of 
other natural conditions, the growing of winter wheat and high yields per acre, reported as “nearly 25 bushels 
in 1937.” ( Courtesy of Sovfoto. ) 
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agriculture the rule and the drier steppe grass- 
lands, where use of the land for grazing domi- 
nates. 

In the major areas of commercial grain farming, 
climate eliminates the profitable growing of corn, 
except in a few localities, and, even there, acre- 
ages are small and much of the production is for 
silage, but it favors the growth of small grams, 
particularly wheat and barley, with the former 
usually the more important of the two. Where 
winters are not too long and cold, the wheat, 
known as " Vmter wheat,” is fall sownj elsewhere, 
“spnng wheat,” so called because it is spring 
planted, is grown. In addition to wheat and bar- 
ley, some oats and rye are raised, the relative 
importance of these two grains varying with 
locality and standards of living. Flax is likewise 
a crop of local importance, and certain of the 
grain sorghums are sometimes grown where con- 
ditions are favorable. 

Wherever this type of agriculture, commer- 
cial grain growing, is characteristically developed, 
landholdings are large and mechanization is ex- 
tensive, for only under such conditions is profit- 
able agi'iculture possible. In no other type of land 
use for growing crops in intermediate latitudes, 
indeed, is agriculture so extensive and the use 
of farm machinery so important as in commercial 
grain farming. With this use of machinery, costs 
of production fall so low that a profit is possible 
even with small yields, sometimes well under 
10 bushels of grain per acre. In fact, it is only 
with a high degree of mechanization that use of 
these submarginal agricultural lands for growing 
crops is possible for, with ordinary methods of 
cultivation, returns would be inadequate. Thus, 
m China, with its Oriental system of agriculture, 
similar lands are still grazed rather than cropped, 
though the great need for additional food would 
suggest that they should be put to more effective 
use. 

This type of agricultural use of the land be- 
came possible only with perfection of labor- 
saving machinery, and the use of such machinery 
became feasible only when agriculture invaded 
the grasslands, particularly those of the steppes, 
with their favorable topography, productive soils, 
and cheap land. For many years the typical form 
of use of such lands in the United States, these 
practices have of late invaded Eurasia in the 
""collectives” of the U.S.S.R. There, they have 
not only become established west of the Urals, 


but they have also invaded the Asiatic steppes, 
including the domain of pastoral nomads such as 
the Kirghiz, as has been noted earlier, so that 
where formerly only flocks and herds grazed, 
today combines harvest grain on state-operated 
farms of enormous extent. 

In commercial grain farming, the objective is 
production of a surplus for sale rather than 
achievement of even approximate self-sufiiciency- 
Therefore dependence for most items of the food 
supply is upon othei areas better suited to their 
production. This is particulaily true in the United 
States, though to a lesser extent in the U.S.S.R., 
where the workers who till the soil of the collec- 
tively operated fields have small parcels of land 
of from M to 1 or more acres which they cultivate 
for their own use, and on which they may keep 
a few animals. 

In general, the regions of extensive small grain 
growing tend to expand into drier areas, with 
accompanying preemption of their more promis- 
ing portions by more intensive types of agricul- 
tural use, made possible by the perfection of 
new, more drought-resistant vaiieties of crops, 
and development of improved agricultural tech- 
niques. Further, their boundaries are subject to 
fluctuation. During a series of wetter years, for 
e.xample, advance into drier areas becomes possi- 
ble and occurs; during drought years, retreat sets 
m. Therefore the agricultural frontier shifts 
steadily, though it is generally conceded that 
the limit of desirable advance has already been 
reached or even passed in most parts of the 
world. It should be borne in mind that much 
commercial grain farming in these drier areas is 
highly speculative, and that some of it is not 
justified, for destruction of the range without 
accompanying success in agriculture produces 
results of negative value, not only for the indi- 
vidual, but for society as well. 

In commercial grain-farming regions in the 
United States, settlement is widely dispersed (see 
Fig. 20), and the same is true for other areas 
in this type of use elsewhere m the Americas. 
Each farmer lives on his own farm, though some- 
times only dming the summer months, and 
houses are far apart This makes for considerable 
isolation of the individual family, limited social 
contacts, and the relatively sparse permanent 
population results in wide spacing of urban aggre- 
gations, most of which are small Further, the 
local community services, such as schools, must 



Fig. 309. A soutli-central Wisconsin, Waukesha County, dairy farm, which supplies the Milwaukee 
market with scientifically handled milk In this area, farms are of moderate size, averaging slightly less than 
120 acres, and there is much use of laborsaving machinery. Farmhouses are scattered, but relatively close 
together, as may be noted in the illustration Rural- farm population is of moderate density, for Waukesha 
County, 27 7 persons to the square mile. This is nearly three times the average for the United States as a 
whole, but this is a much better than average agricultural area, witli good access to markets Further, this is a 
much better than average dairy farm in this particular area More nearly average conditions are shown by 
Fig 187, together with a typical southern Wisconsin dairy herd. (Courtesy of the Wisconsin Department 
of Agriculture and Markets.) 


serve large areas, which has obvious disadvan- 
tages. In the U S.S R., where this type of agricul- 
ture is practiced on state-operated farms, settle- 
ment is more compact, for the workers live in 
villages. This makes conditions quite different 
from those in our own country and in other parts 
of the Americas, entnely apart from differences 
which result from governmental organization and 
the practice of state socialism. 

Dainjing, Dairying is a variant of general farm- 
ing or diversified agriculture m v/hich the pro- 
duction of milk dominates the economic ac- 
tivities of the farm. It is generally the most 
important type of farming in well-watered areas 
with cool summers, on the polewaid margin of 
those regions where '‘corn is king," and else- 
where in good “hay and oats country," par- 
ticularly near urban markets for milk and other 


dairy products. Thus its development has ac- 
companied city gi'owth. In New England and 
parts of New York, where extensive farm aban- 
donment occurred with opening of the West 
with its productive and “free land" to settle- 
ment, dairying has, as an accompaniment of 
industrialization and urban development, given 
a new lease on life to agriculture in many 
localities. There, fine herds are common, and 
purchase of supplementary feed and heavy feed- 
ing are the rule, to ensure maximum returns. 

Dairying is likewise important in Minnesota, 
Wisconsin, Michigan, and across the Interna- 
tional Boundary in Canada. In this region, most 
of which is glaciated, dairying generally domi- 
nates the farm economy, in Wisconsin to an 
extent that the state is sometimes known as 
“America's Dairyland." The physical basis for 
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the dairy industry in this part of the United 
States and Canada is topographic, drainage, and 
climatic conditions which ensure good pasture, 
but limit crop production. 

The major crops giown include corn, oats, and 
hay. There is also some production of barley, 
occasionally grown as a mixture with oats; grain 
sorghum or ‘‘cane,” either alone or with corn for 
silage; and soy beans for beans, or fodder and 
silage. Other crops include wheat, rye, root crops, 
and potatoes, on variable though generally small 
acreages. 

The relative importance of these crops changes 
from area to area and, on the individual farm, 
from year to year. Occasionally, what is normally 
a minor crop may assume so much local impor- 
tance, as do potatoes in the Aroostook area m 
Maine, that milk is displaced as the major farm 
product, though this is not common. In general, 
wherever it is possible to grow corn with a fair 

r “ ^ — 


degree of success it is the most impoitant cereal, 
especially of late years with development of 
hybrid varieties w'hich will mature in the avail- 
able frost-free season of most years, for, even if 
it does not mature fully, it can be fed or used 
for silage. On a well-managed farm in the central 
dairy belt of the United States, the attempt is 
made to keep a balance in acreage betv een com, 
oats, and hay on the cropped land to secure a 
satisfactory rotation; even the permanent pasture 
is often handled to ensure maximum carrying 
power. 

The cattle are dominantly dairy types such as 
Holsteins, Guernseys, Brown Swiss, and Jerseys. 
Though milk is the most important output of 
dairy farms, there is some production of pork 
veal, beef, and poultry. The relationship between 
the values of these is variable with area, year, 
and the individual farm. \'eal production, for 
example, is affected by whether the farmer elects 



Fig 310. A prosperous dairy farm m the Willamette Valley, Oregon. Though com is here of less 
relative importance than in the corn belt, the agriculture is equally diversified, major crops including wheat, 
oats, corn, and hay in addition to barley, rye, potatoes, and several others of less consequence. This crop sys- 
tem favors development of an animal industry, particularly dairying. (Courtesy of the Portland Chamber of 
Commerce. ) 




442 


HOW MAN OBTAINS HIS LIVELIHOOD 



Fig. 311 Irrigating a field of lettuce on a truck 
farm in New Jersey The irrigation system consists 
of overhead pipes from holes m which water issues 
as an artificial ram, when turned on as shown in the 
view. Such irrigation to supplement natural rainfall is 
profitable, for it enables application of water during 
critical periods of growth, thus preventing either a 
partial or total failure of the crop, which yields high 
returns per acre under cultivation. (See also Fig. 
150. ) ( Courtesy of the Keystone View Company ) 

to raise his heifer calves or ‘Veal” them and sell 
more milk, the number of hogs, by the success 
of the corn crop, and the importance of the poul- 
try industry, by the price of feed and market 
conditions. The production of all is aflFected 
greatly by governmental policies, especially of 
late years. 

Whether the dairy product will be milk, butter, 
or cheese is dependent primarily on proximity 
to markets. Near cities, it tends to be fluid milk, 
with increase of distance from urban centers, 
butter and cheese. This is true in Europe as well 
as in the United States. Recent production in 
the United States, however, has been so greatly 
disrupted by governmental action that this rela- 
tionship has been considerably altered. 

Dairying represents very effective land use, in 


New England, of much land which would other- 
wise remain idle or revert to forest. It is, how- 
ever an economic activity of the Western world 
only, for markets are lacking in the Orient. Under 
its practices, the soils are put to effective use and 
their productivity is conserved or even increased, 
since commercial dairying involves feeding of 
the crops grown and, often as well, purchase of 
grain and fodder from other areas. Further, the 
farmer is able to use his time effectively, for 
his cultivated crops require attention part of 
the time; the animals, at all seasons. Therefore, 
even more than other types of agriculture, dairy 
farmmg affords practically continuous employ- 
ment. 

Intensive and Specialized Farming. Wherever 
production is limited to one or more vegetable 
or fruit crops, generally grown on relatively small 
umts of land worked by individual producers, a 
garden type of agriculture develops. Where 
specialization is in vegetable crops, the farms 
are known as “market” or “truck” gardens, the 
distinction between the two, not always sharp, 
being based largely on whether production is 
principally of fresh vegetables for city markets or 
for canneries. Market gardens are generally of 
small size and near the cities which serve as out- 
lets for their production. Wherever possible, they 
are located on hghter soils, preferably the better 
sandy loams, which dry out and allow early 
planting and marketing of the crops grown. 
Sometimes the organic soils, peat and muck, find 
similar use. In either case, heavy fertihzation is 
the common piactice, for returns per acre from 
these garden crops are sufiBciently high to warrant 
the expenditure necessary to supply the essential 
mineral plant nutrients lacking in the soils. 
Truck-gardening operations, by contrast, may be 
carried on far from the urban centers which 
absorb the production. As with market garden- 
ing, the areas devoted to such use are generally 
those of lighter soils and, sometimes, peat and 
muck land. Heavy fertihzation of crops is a usual 
practice, to ensure profitable yields of good 
quahty. The products of the truck gardens find 
their way to consumers in both canned form 
and out-of-season crops. Thus the “truck” farms 
of the Gulf Coast, Florida, California, and other 
southern areas supply vegetables in both winter 
and spring to the city populations of the North, 
before the local garden farms have crops ready 
to market. 





Fig. 312 Threshing peanuts at Holland, m the truck gardening area near Norfolk, Virginia This par- 
ticular part of the sandy coastal plain specializes in growing peanuts rather than other vegetable crops, be- 
ing the most important peanut producing area in the United States. (Courtesy of the Norfolk Ad\ertismg 
Board ) 


The major market- and truck-garden area of 
the United States borders the Atlantic seaboard 
and the Gulf Coast from New England to Texas, 
for there soils are sandy and access to markets 
is good A second center is m southern California, 
which enjoys a climatic advantage. Scattered 
throughout the country are others of less extent 
and importance. Production of vegetable crops 
cannot absorb more than a small fi action of the 
land suitable for such utilization because of lack 
of market. Thus islands of market and truck 
gardens are often surrounded by extensive tracts 
of land, either not in use and growing up in scrub 
timber or, if in use, devoted to relatively un- 
profitable general farming; or, in Florida, even 
to the extensive grazing of cattle. The limited 
areas which are in use for the production of 


garden crops, however, represent examples of 
very effective use of low-grade soils. It will be 
noted that, in part, particularly for market gar- 
dening, location rather than soils is the principal 
advantage which makes such use possible. Even 
with truck gardening, the same is true to only 
a shghtly lesser extent. 

The farmers of certain areas of highly special- 
ized agriculture concentrate on the growing of 
fruit rather than vegetable crops, the fruits rang- 
ing from berries, such as strawberries and rasp- 
berries, to tree fruits like apples, pears, peaches, 
cherries, and others; and from those of the cooler 
regions, such as those mentioned, to others of the 
subtropics: oranges, lemons, and the pomelo or 
grapefruit. The producing regions are therefore 
widely scattered, but tend to be localized in hilly 
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areas, where slopes and effective aii drainage 
afford a consideiable degree of protection from 
frost damage, and near lakes, which decrease the 
probability of loss from frost. Thus there is an 
important grape-grownng district extending west- 
ward from the lake region of southern New York, 
through the islands of Lake Erie, into the hilly 
moraine country of southwestern Michigan. 
Similarly, there is an important commercial 
apple-orchard industry in New Yoik and on the 
east shore of Lake Michigan, as well as in south- 
ern Ontario across the International Boundary, 
where comparable favorable conditions occur. 
Farther to the east, in Canada, the sheltered 
slopes of the Annapolis Cornwallis Valley of 
Nova Scotia supply a suitable location fot 
orchards and afford the environmental basis for 
the most important commercial apple-growing 
industry of our neighbor to the north. Again, 
there are several areas farther south where tree 
fruits are grown commercially. Such are the citrus 


fruit-producing districts of Florida and the Gulf 
Coast and, farther north, the fruit-growing re- 
gions of the Ozarks, where slopes afford frost 
protection. Scattered throughout the same area 
are many small farms which specialize in berry 
production, for example, of strawberries, the crop 
maturing at various times in different areas, so 
that the supply is continuous for a period of 
several months. 

The crops grown in irrigated areas tend to be 
those which yield relatively large returns per 
acre of land undei cultivation because costs of 
production are high, since water must be pur- 
chased and markets are generally far away. Only 
where demand for such crops fails to keep pace 
with production possibilities is the growing of 
bulky, low-value crops desirable, except to sup- 
plement other farm activities. Much of the land 
under irrigation in dry areas is therefore devoted 
to the growing of vegetable and fruit crops for 
city markets. 


I 

f 



Fig. 313. An irrigated apple orchard in eastern Washington. Here, individual landholdings are small 
and in a high state of cultivation; houses are relatively close together, and mamtenance of community services 
is simplified by the concentration of population in a limited area. Markets in tlie eastern United States have 
been obtained and held by advertising and supervision of grades and packing, so that uniformity of the prod- 
uct is assured Only by such a procedure is success of such irrigated commercial apple orchards possible. 
(Courtesy of the Washington State Progress Commission.) 
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This is true throughout the western United 
States and particularly so in California, where 
specialization of agriculture has been carried far 
and facilities for pubhcizing and marketing the 
products have been developed to a high degree 
of efficiency. There, one locality may produce 
rhubarb, another melons, a third, lettuce or some 
other crop. Where this concentration on produc- 
tion of a single crop for widely scattered, far- 
away consuming areas occurs, it is possible for 
combinations of producers to market the crop 
effectively. This would be impossible if each 
farmer grew such a variety of crops that a suffi- 
cient volume of no single one was available to 
make establishment of the necessary marketing 
connections practicable. 

Truck and market gardening and commercial 
fruit growing require much hand labor. This 
produces a condition unusual in American agri- 


culture, where the tendency is to use machineiy, 
even in milking, to hghten farm \\ ork. Since the 
local labor supply is often inadequate in the 
areas of garden agriculture and commercial fruit 
production, it is generally necessary to depend 
largely on transient labor, frequently recent 
arrivals in this country. This often creates a social 
problem, the solution of which is not yet in sight. 

As a result of the generally small landholdings 
and the considerable labor requirement in the 
garden types of Occidental agriculture, farm 
populations are much above the average for those 
of other agricultural areas in the United States. 
Therefore social contacts are assured and, in some 
instances at least, an almost garden-city type of 
community results. In many respects, this has 
manifest advantages, offset to some extent, how- 
ever, by the large numbeis of transients without 
permanent interest in the community welfaie. 


QUESTIONS AND EXERCISES 


1. In what essential particulars does Occidental 
agriculture differ from that of tlie Orient? 

2. Trace briefly the evolution of Occidental agri- 
culture. From where were the crops and do- 
mestic animals derived? 

3. What was the pattern of early agricultural oc- 
cupation in western Europe? Describe the land 
use and wllages of that period. 

4. What are the major types of Occidental agri- 
culture? 

5. From what type of agriculture did general farm- 
ing and the associated animal industries evoh e? 
What practices are involved in this type of 
agriculture? What shift in emphasis has occurred 
with the passage of time? What has caused this 
shift? What are tlie obj'ectives of this type of 
agriculture^ 

6. What are the objectives in subsistence agricul- 
ture? Where is this type of agriculture practiced 
in the United States^ Why? Where is it prac- 
ticed m other parts of the worlds What is the 
importance of the animal industries in sub- 
sistence agriculture? 

7. Describe the practices of diversified agriculture. 
State the crops grown and their relation to the 
animal industries. What introduces variation in 
the exact pattern of agricultural practice in spe- 
cific areas? 

8. To what types of areas is commercial grain farm- 
ing normally restricted? How is the land used in 
such areas? What are the crops grown in such 
areas? Why does such farming often involve 
great financial risk? 


9. State the agricultural obj’ectives in areas of com- 
mercial gram farming. Why did agricultural in- 
vasion of the steppe grasslands work a revolu- 
tion in agriculture? Why was such invasion so 
long deferred? 

10. Discuss the differences between commercial 
grain farming m the United States and that of 
the "collectives’' of the U S S R. 

11. Why is commercial gram farming restricted to 
Occidental areas, except in the U S.S R ^ Why 
do the boundaries of the areas of commercial 
gram farming fluctuate? May this type of agri- 
culture be expected to expand materially in tlie 
near future^ Why? 

12. Of what type of agriculture is dairying a vari- 
ant^ Where is dairying tlie common practice^ 
How is the land used in such areas? What re- 
lation does meat production bear to dairy- 
tog? 

13. Explain how dairy farming represents effective 
use of the land. 

14. Why has dairy farming increased in relative im- 
portance in tlie United States of late years^ 
Where and why has it gi\en a "new lease on 
life" to agriculture in some instances? 

15 What determines whether dairy production will 
be of milk, butter, or cheese? Why is there prac- 
tically no development of the dairy mdustry in 
the Orient? 

16. Describe the general characteristics of tlie 
garden type of agriculture. Why is irrigation a 
relatively common practice in areas with tliis 
type of production? 
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17. Describe the characteristics of market and truck 
gardening Why are tlie lighter soils better for 
such ase'^ Why is it possible to use orgamc soils 
for this type of production^ Where are tlie 
principal areas of this type of production in the 
United States^ Why^ 

18. Where are commercial fruit-growing areas com- 
monly located? Why? How do all garden types 

SELECTED 

Agricultural Yearbook, U. S. Department of Agricul- 
ture, Washington, 1921, 1922, and 1923. 

Many Yearbooks of the U. S. Department of Agri- 
culture are of great value to geographers. This is 
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of agriculture which are successful represent ef- 
fective use of the land? 

19. What is meant by irrigation? Where is it a 
common practice^ What are the types of crops 
grown with irrigation? Why? What handicaps 
are always associated with irrigation agriculture? 

20. Contrast the settlement patterns associated with 
the different types of Occidental agriculture. 

REFERENCES 

particularly true for those of 1921, 1922, and 1923, 
which contain descriptions of tlie development and 
production of our major crops and similar treatments 
of the principal animal industries. 



chapter Thirty-Three 
PLANTATION AGRICULTURE 


The Initiation of Plantation Agriculture, Dur- 
ing the centuries when attainment of selhsuiffi- 
ciency was the common objective in Occidental 
agricultural practices, standards of living re- 
mained low, for it is impossible to meet many 
and varied needs adequately from the resources 
of limited areas. Thus there was little in kind, and 
often in quantity as well, to divide in the agri- 
cultural villages of the Middle Ages described 
in the preceding chapter. This ensured relatively 
poor hving conditions for the more fortunate; 
those who received least often lived in squalor. 
Today, even persons in very modest circum- 
stances in this country fare better and have far 
more conveniences and comforts than those en- 
joyed by the feudal lords of the agricultural 
villages of bygone days. 

These conditions persisted without material 
change for a large fraction of the world's white 
population until improvement of transportation 
facilities made it practicable to obtain goods by 
exchange, rather than to depend entirely upon 
locally available resources to satisfy all needs. 
Then, and only then, did specialization of pro- 
duction in the Occidental agriculture of inter- 
mediate latitudes become both a possibility and 
a reality. 

Further, as the known area of the world in- 
creased m extent, new products became knowm. 
At first, these were high in price and little used, 
for producing areas were far away, transportation 
facilities were poor, transportation costs were 
high, and so the demand for them was neces- 
sarily limited. As time passed, however, and pro- 
duction became more specialized and restricted 
to areas where conditions were most favorable, 
so that costs of production decreased, standards 
of living rose with the possibility of satisfying 
desires at prices withm the reach of many. 


Thereafter, demand for the products of other 
areas, and even for new products from the far- 
away regions of the lower latitudes, developed 
and increased. 

This later led to invasion of the tropics by 
white populations, and the growing of crops with 
Occidental agiicultural practices, modified to 
some extent to meet the new conditions. This 
maiked the initiation of what is known as “planta- 
tion agriculture.” With invasion of the lower lati- 
tudes and development of plantations, this new 
type of production sometimes displaced and 
sometimes existed side by side with migratory 
or other subsistence types of agriculture, though 
these were often affected somewhat by white 
influence. 

The inauguration of plantation agriculture 
accompanied rismg standards of living in the 
higher latitudes, where both diversification and 
speciahzation of effort had become possibilities, 
for reasons which have been enumerated previ- 
ously. It resulted from either new or increased 
demand for those products of the soil which can 
neither be grown successfully in the higher lati- 
tudes, except occasionally when heavily subsi- 
dized by government, nor obtained to advantage 
fiom the tropics in sufficient quantity when 
gi*o\\Ti by native types of cultivation, without 
white supervision. 

Location of Tropical Plantations. Not all parts 
of the tropics are equally well suited to the de- 
velopment of plantation agriculture. Some have 
too heavy and too continuous rainfall; others 
have too httle precipitation. Again, temperature 
conditions are not always adapted to growing 
the products desired, nor are they always favor- 
able for man. Further, frequent, strong winds, 
topographic, drainage, soil, and vegetation con- 
ditions often handicap, or may even prevent 
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Fig. 314. Map to show some of the major areas of plantation agriculture. Occidental agriculture m the 
tropics. 


plantation development. Even though all other 
factors seem favorable, an area may be so in- 
accessible that it is unsuitable, a satisfactory 
labor supply may be unavailable, or instability 
of government or governmental regulations may 
deter capital from venturing. At present, this last 
factor promises to become more important in the 
future than it has been in the past, in view of 
the ambitions of tropical populations to throw 
off the ''shackles” of colonial control. 

Even today, therefore, plantations are re- 
stricted to a relatively small fraction of the total 


area of the tropics, as may be seen by reference 
to Fig. 314, a highly generalized map showing 
the approximate location of most of the present 
producing regions. For the most part, these tend 
to be confined to seacoa st areas, o r those served 
b^Tn^iptble^Hve^^ and rail lines, but not too 
.Jfe-FtQm seaboafdrTrhe)r afe Fkewise more im- 
porfaht wKef e^ rSnf all is adequate, but not exces- 
sive, with the dry or drier season of some length. 
Thus they are more highly developed in trade 
wind and monsoon areas, where the seasonal 
range of temperature is appreciable and sensible 
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temperatures are tolerable, than in tbe heart of 
the heavily forested regions of the doldrum belt 
There, temperatures, both actual and sensible, 
are continuously high, and heavy rainfall through- 
out the year, a dense forest cover, and poor 
health conditions ail conspire to handicap planta- 
tion development 

Crops of Tropical Plantations, Inasmuch as the 
major objective of plantation agriculture is sur- 
plus production of some crop, grown principally 
to meet the needs and demands of intermediate 
latitudes, th ere is ^eat specialization of effort 
, i n thi sJtefie of agriculture, in addition to vaiiation 
inTEelhajor product from area to area. Thus one 
region concentrates on growing sugar cane, an- 
other on producing rubber; a third specializes in 
bananas. Again, it may be a beverage crop such 
as coffee or tea; cacao, used both as food and for 
a beverage; copra, valuable for its oil; pineapples 
for canning, or some other crop. It will be noted 
that some of these products are raw materials 
used by industry, for example, rubber, copra, 
sisal, and sugar, some, such as coffee and tea, 
are beverages, still others, bananas and pine- 
apples, are “fruits,” used as food. Again, some 
are used both by industry and for human con- 
sumption. In the aggregate, however, industrial 
raw materials secured from tropical plantations 
are more important than the foodstuffs this 
type of agriculture supplies to intermediate 
latitudes. 

In addition to the crops grown in surplus and 
for sale on such plantations, there is often some 
productiopi^of others to afford a local food supply 
Ior"tfie~pl®ation laborers, though "this is of 
secondary and, often as well, of rather minor 
importance. In general, it is true that develop- 
ment of tropical plantations has reduced produc- 
tion of food for local use in the areas where they 
have been established, so that import of food 
into formerly self-sufficient areas has become 
necessary to meet the needs of the plantation 
laborers. It is likewise true that plantation agri- 
culture has probably subtracted from, rather than 
added to, the total food supply of the world. 

Ownership and Operation of Tropical Planta- 
tions. Most tropical plantations are owned by 
whites: some by corporations, others by families 
or individuals. In either case, it is normally 
absentee ownership, actual operations being 
directed by white managers who oversee the 
work done by colored laborers. In the early days 


449 

of plantation development in the Americas, work- 
ers were secured by impressing local Indian 
populations. Later, these were replaced by slaves 
imported from Africa, which accounts for the 
present large Negro population of many Carib- 
bean aieas. In southeastern Asia and adjacent 
islands, where there is much local overpopula- 
tion, most of the necessary plantation labor has 
come fiom India, South China, the Philippines, 
and other near-by regions, imported under con- 
tract to work for a specified number of years. 
Later, some of these workers return to the home 
region; others remain as permanent residents. 
Some of these, notably the Chinese, tend to gravi- 
tate to the cities, where they enter business so 
successfully that they may dominate the eco- 
nomic life of the local community. 

Effects of Tiopical Plantations on Native 
Production. Wherever the plantation type of agii- 
culture has become established in the tropics, 
it has affected the native economy and standards 
of h'ving, as well as population density and dis- 
tribution. This is true even where it exists side 
by side with migratory or sedentary types of 
primitive cultivation, where these have been dis- 
placed, the change is even more pronounced. In 
Liberia, for example, though occupants of the 
leased land were dispossessed, employment as 
flee laborers is now available on the holdings of 
the Firestone Company, where no such oppor- 
tunity for gainful employment existed previously. 
This enables support of additional numbers and 
peimits satisfaction of many wants created by 
white intrusion, thus affecting standards of hv- 
ing. Similarly, the Dutch have been successful 
in increasing the ability of their colonial holdings 
in the East Indies, notably Java, to support addi- 
tional numbers, as well as in improving living 
conditions. In part, this has been accomplished 
by affording employment for tlie increased num- 
bers, in part by development of a market for 
native production with the establishment of plan- 
tations. 

The Economic and Social Structure in Areas 
of Plantation Agriculture. The labor employed 
on most tropical plantations is imported, largely 
transitory, and the manual laborers are drawn 
from several colored populations of the lower 
latitudes. This importation of diverse colored 
populations to work on the plantations leads to 
miscegenation, or racial admixtures of many 
types, which creates a “melting pot” problem in 
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Fig. 815. Bananas ready for harvest, in Cuba. Note the position of the bananas on the “stalk.” After 
the crop has been harvested, the plants are cut and allowed to rot between the rows. Reproduction for the 
next crop, which will ripen one year later, is from suckers which develop at tlie base of the plant stalk. 
(Courtesy of the U. S. Department of Agriculture.) 

many areas where the plantation type of agri- 
culture is important, for example, in Hawaii. 

Even though whites are relatively few in num- 
ber, however, they normally dominate the eco- 
nomic activities and exercise political power far 
greater than that which would be indicated by 
their numbers. Further, the color line is generally, 
though not always, sharply drawn in areas of 
plantation agriculture. This becomes of especially 
great importance in the Orient, where “face'"' 
plays such an important part in the standing and 
affairs of the individual. This is an organization 
of society very different from the one to which 
we are accustomed, as well as one resented by 
the colored populations. Therefore it is one 
which is causing considerable concern at the 
present time. 

Types of Flanfation Agriculture, There is suffi- 
cient diversity of production and production 
methods in plantation agriculture to make a de- 
tailed description of all kinds of tropical planta- 
tions impracticable in our survey of this type 


of agriculture. Therefore consideration will be 
limited to a brief discussion of those where 
bananas, a fruit crop used as food, are grown; 
of those where sugar cane, raised for sugar to 
be used both as a food and industrial raw ma- 
terial, is the principal crop; and of those where 
rubber is produced for industrial use. 

Banana Plantations. Though the banana is 
native to southern Asia, spreading from there to 
Africa and, eventually, to the Americas, most 
of the present commercial production of the 
fruit is in Caribbean areas, with some additional 
surplus output from both the east and west coasts 
of Africa and a few other less important areas. 

The producing areas are all tropical lowlands, 
not subject to violent winds, with well-drained, 
high-lime soils, where both heavy and well-dis- 
tributed rainfall supplies the necessary water, 
except as supplementary irrigation may be prac- 
ticed during the drier season in order to secure 
continuous yields. The production from the 
Caribbean area is marketed in both North Amer- 
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ica and western Europe, but principally in the 
United States and Canada, which absorb about 
60 per cent of the crop; the African production 
goes to Europe, largely to Great Britain. 

Because of the rather exacting requirements of 
the crop, great care must be exercised in selection 
of a location for the growth of bananas, if satis- 
factory yields are to be secured. After a desirable 
site has been selected, and has been secured by 
lease or purchase, the land is cleared, drained, 
and banana ‘"bits” or rhizomes are planted. The 
crop matures in one year, each individual plant 
attaining a height of about 25 feet and bearing a 
bunch of fruit. After the crop has been harvested, 
the plants are cut and allowed to rot between the 
rows. Later, suckers which will produce a crop 
the following year develop from the root stalks. 
Each of these grows and bears a bunch of bananas 
in 12 months. This process is repeated year after 
year for perhaps 15 years. Then new land must 
be cleared and planted to ensure continued 
profitable production. By having plants of dif- 
ferent ages and stages of development on the 
plantation, and by use of overhead systems of 
irrigation during the drier season, it is possible 
to harvest bananas throughout the year. This is 
desirable for profitable operation, in that it per- 
mits effective marketing of the crop and use of 
equipment and labor supply. 

Each plantation has its own railroad system. 
This is connected to the port which serves the 
plantation by a company-owned rail line. Trans- 
ported by these lines, the bananas, which are cut 
green and allowed to ripen in the bunch, are 
loaded by machinery into the ventilated, refrig- 
erated holds of ships which can be heated during 
the winter months, if necessary, to keep the 
bananas from freezing in transit to northern des- 
tinations. These ships are likewise company- 
owned and operated. It will be noted that banana 
production and marketing is a large-scale busi- 
ness enterpiise, involving investment of much 
capital, a common characteristic of all plantation 
agriculture. Sometimes this investment is in 
countries with none too stable governments, 
w'hich may explain in part some of the activities 
of the banana producers in the so-called “banana 
republics.” 

Bananas were first brought into the United 
States from Cuba in 1804. Even as late as 1876 
they were so little known and used in this coun- 
try that red bananas, wrapped in tinfoil, were 
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sold at the Philadelphia Centennial as an exotic 
curiosity. Today, less than 75 years later, con- 
sumption in the United States repeatedly exceeds 
60,000,000 stems annually, or approximately half 
a stem per capita. This change is only one of 
many which have resulted from the fact that the 
older isolation which fastened essential self- 
sufficiency on the world’s agriculture for so long 
has disappeared among more advanced popu- 
lations. 

Sugar Cane and Sugar Froduction, The pro- 
duction of sugar cane is important in many 
tropical regions where elevations are not too 
great. In Africa, it is grown both in Egypt and 
on the east coast of the continent; in Asia, it is 
an important crop in India, Burma, and in several 
other parts of the southeast, in the East Indies, 
it occupies considerable acreages in Java and 
elsewhere; in the mid-Pacific, the same is true in 
Hawaii. Farther to the north, the Phihppines are 
also important producers of sugar. In the West- 
ern Hemisphere, it is a crop of considerable 
importance on the low, rollmg plateau of eastern 
Brazil, in several small coastal valleys of Peru, 
and in parts of northern South America and 
other Caribbean areas. In Cuba, it is the most 
important crop grown on the island. 

Everywhere, sugar cane is a crop of warm 
climates, good soils, and areas of considerable 
precipitation, except where grown under irri- 
gation. For optimum conditions, most of the ram 
should fall during the growing season; dming 
the period of maturing and harvest, and espe- 
cially during the latter, it should be cooler and 
drier. These conditions are satisfied in trade wind 
and monsoon areas, where most of the world’s 
commercial crop is produced. 

Sugar cane is grown with a considerable va- 
riety of practices, and with great variation in the 
organization of the industry. In India, where 
“gur,” an unrefined brown sugar, is produced for 
local consumption only, the crop is commonly 
grown on small landholdings, and the same is true 
in many other Oriental areas. By contrast, sugar 
cane is generally grown in Hawaii and Cuba, 
both large producers, with a plantation system 
of agriculture. Cuban practices will, therefore, 
serve and be used to illustrate this type of produc- 
tion of sugar cane and sugar. 

Sugar Froduction in Cuba. Sugar cane was in- 
troduced into Cuba as a crop early in the 
sixteenth century, as an accompaniment of Span- 




Fig. 316. Plowing to prepare tlie field for planting, planting, and harvesting of sugar cane in Cuba. 
(Courtesy of the U. S. Department of Agriculture.) 
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ish occupation and agricultural development of 
tlie island, though early production was small, 
for demand was limited in those days when 
essential self-sufficiency was still the rule in most 
parts of the Western world. For the past halt 
century or more, however, its production has 
been important. Today, half of the cultivated 
land of the island is given over to the crop, the 
production of sugar and its by-products employs 
one-third of all Cuban labor, these same products 
normally make up approximately 80 per cent 
of the value of all Cuban exports, and Cuba 
supplies about 20 per cent of all the sugar enter- 
ing international trade. 

Most of the commercial production of sugar 
in Cuba is organized in large units, around '‘cen- 
trals” or mills, the largest of which has an annual 
capacity of 340,000,000 pounds of sugar. These 
are surrounded by extensive acreages of cane 
which supply the mills. The farmers or planters 
of these areas are organized in ‘ colonos” and 
grow cane under contract, such groups account- 
ing for from 80 to 90 per cent of the total Cuban 
sugar-cane production. 

There is considerable more or less primitive 
practice, and much manual labor employed in 
plowing the land, in planting the crop, and in 
cultivating and harvesting the cane, as in other 
types of plantation agriculture. Plowing is com- 
monly done with oxen and rather crude plows, 
as shown in Fig. 316. Planting is by hand, pieces 
of cane, from which sprouts develop at the joints, 



Fig 317. Hauling sugar cane from the field to 
the loading platform of the “centraU" rail line with ox 
carts, two of which are shown The one at the left is 
loaded with cane, that at the right is empty. Note the 
substantial construction and the large wheels of the 
carts, necessar)^ on the rough ground (Courtesy of 
the U. S Department of Agriculture.) 

being dropped in the furiows as shown in Fig. 
316. One such planting will last for several years, 
for the cane ratoons oi spiouts horn the old root 
system, but with decreased yields as the years 
go by. Therefore part of the acreage is replanted 
each year to ensure profitable yields. In Hawaii, 
two ratoon crops are normally harvested between 
leplantmgs; in Peru, five, in Cuba, from four to 
eight. Since replanting is expensive, the number 
of ratoon crops which can be cut to advantage 
affects the desirability of an area for growing 
sugar cane. After planting, cultivation is neces- 



Fig 318. A trainload of sugar cane on its way to the “central,” mth the nght of way flanked by fields 
of cane which has not been cut. (Courtesy of the U. S. Department of Agriculture.) 
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sary until the cane shades the ground and keeps 
other growths down. When the crop is mature 
and ready for harvest, 12 to 15 months after 
planting, it is cut with a machete or heavy 
knife as shown in Fig. 316. Then the top is re- 
moved, the leaves stripped off, and the cane is 
cut into 4-foot lengths. After this, it is loaded 
on substantial two-wheeled carts, such as those 
shown in Fig. 317, for hauling to the loading 
platform of the rail line which serves the central. 
On the average, each mill is served by 380 miles 
of such hues. It will be noted that, as with other 
types of plantation agriculture, many of the 
opeiations are highly mechanized, and that a 
large investment of capital is necessary. 

Though sugar cane has been a commercial 
crop of importance for a relatively short period 
of time, its products are today in great demand 
for both peace and wartime uses, a fact probably 
still fresh in the mind of the reader. Today, 
sugar is not only a food, but a raw material used 
in making alcohol, chemical preparations in great 
variety, and a long list of other products. In all, 
the Sugar Research Foundation lists a total of 
nearly 150, ranging in alphabetical order from 
adhesives and food preparations to varnish and 
welding rods. This again illustrates how impor- 
tant the products of other areas are to continu- 
ance of present-day standards of living in indus- 
trialized societies, and that any attempts to return 
to the self-sufficiency of the past would be unwise, 
for it would result in undesirable change, 

Rubber 'Plantations. Practically all of the 
world's present-day rubber plantations are lo- 
cated in tropical lowlands, between the parallels 
of 10° North and 10° South latitude, where 
temperatures are uniformly high, rainfall is 
heavy, and destructive winds are practically un- 
known: all conditions which are necessary for 
the successful commercial production of rubber. 
Approximately 9,000,000 acres of land of this 
part of the earth's surface, located in British 
Malaya, the Netherlands East Indies, French 
Indo-China, British India and Burma, Sarawak, 
British North Borneo, Liberia, Brazil, and limited 
areas elsewhere, are used for rubber production. 
The first two regions of the preceding list, which 
dominate in the worlds production of natural 
rubber, account for more than 75 per cent of the 
total acreage included in rubber plantations, an 
area approximately three times the size of the 
state of Connecticut. 


HIS LIVELIHOOD 

Though unknown to Europeans until after dis- 
covery of the Americas by Columbus, it was soon 
learned that rubber could be used to erase pencil 
marks. Therefore it was given the name "rubber” 
by the Enghsh; the French called it ""caoutchouc,” 
from the Indian name meaning ""weeping tree.” 
By 1791, rubber was used to waterproof cloth 
and, by 1800, to make elastic for garters and sus- 
penders, as well as for surgical tubes. In those 
early days, however, it was high in price, $175 
per pound in 1770, and used in only small 
amounts and for few purposes. It was not until 
the process of vulcanization was discovered by 
Charles Goodyear in 1839 that rubber became an 
extensively used and valuable industrial raw ma- 
terial. Since the beginning of the present century, 
accompanymg widespread ownership of automo- 
biles, its use in the United States has increased 
so greatly that it is in normal times our leadmg 
import in value. 

At first, rubber, obtained from a milky fluid 
known as ""latex” which occurs in the tissues of 
several plants, growing for the most part in the 
tropics, was gathered as a wild forest product 
by native laborers who worked for contractors, 
most of the supply coming from the Amazon 
basin, with smaller amounts from other tropical 
rain forest areas. During this period, two Brazil- 
ian cities, Para and Mandos, the commercial 
centers of the rubber empire, enjoyed great pros- 
perity. But not to last, for, by early in the present 
century, the center of the industry had shifted to 
southeastern Asia and the adjacent islands, where 
plantations of Hevea brasiliensis, the rubber tree 
native to the Amazon basin, had come into bear- 
ing to an extent that they furnished the bulk of 
the supply necessary to meet the steadily increas- 
ing world demand. This shift occurred because 
chmatic conditions were equally favorable in 
southeastern Asia; labor supply was more abun- 
dant and the labor was more efiBcient; and stable 
government and European control of the area 
suitable for production tempted investment of 
capital. In addition, commercial and transporta- 
tion facilities were available, and other types of 
plantations were already in operation. 

Oriental Rubber Plantations. An Oriental rub- 
ber plantation affords an excellent illustration of 
agricultural production, carried on as a business 
enterprise in which much money is invested. It 
normally consists of several thousand acres of 
land, of which part is devoted to growing rubber. 




Fig. 819. Top: New planting of rubber trees on a recent clearing in northern Sumatra. Growing between 
tbe trees is a cover crop, to retard runoff and conserve the soil 

Bottom: An eight-year-old planting of rubber trees in northern Sumatra, with a co\ er crop between tlie 
rows. These trees are in bearing, as mdicated by the marks of the tap sheets. ( Courtesy of the Nether- 
lands Information Bureau. ) 
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Fig. 320. Tapping a rubber tree on an East Indian plantation. This is done by removing a thin layer 
o£ bark from one side of the tree with a sharp knife or a special tapping tool, great care being exercised not 
to cut too deeply into the bark. Trees are usually tapped every other day between five and nine o'clock in 
the morning, when the flow of latex is greatest. In tapping, the bark is removed in narrow spiral strips from 
not more than four feet above the ground almost to ground level, the total width of the strip removed in one 
month being one inch or less. The latex collects where the latex tubes have been cut by removal of the bark 
An experienced tapper can tap from 200 to 500 trees a day, varying with the size of the trees and his skill. 
Since the bark renews itself in about six years on healthy trees, the scarred portion of the trunk can be re- 
tapped so that, with proper management, a planting lasts for many years. ( Courtesy of the United States 
Rubber Company.) 


with the balance in some other commercial and 
a few food crops, forest, and miscellaneous uses. 
It is usually operated by a white manager and his 
staff, an office force of Eurasians, and a large 
number of native laborers. Such plantations re- 
quire from 5 to 6 years to come into production, 
for the trees are not tapped until they attain a 
diameter of about 6 inches. After the latex or 


''milk” has been obtained from the trees by native 
laborers, who are paid according to the amount 
and quality they secure, it is prepared for market 
by chemical treatment and smoking. 

The returns to investors in the rubber planta- 
tions of southeastern Asia have varied greatly. 
Sometimes the price of rubber has been high and 
profits large; at other times, rubber has sold for 
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less than the costs of pioduction on most planta- 
tions, for its price has varied from a maximum 
of about $3.00 in 1910 ($3.06) to a low of 3 
cents a pound in 1933, Probably 20 cents is a fair 
price. Attempts to regulate prices by restriction 
of production have sometimes been moderately 
successful; sometimes failures. In part, this has 
been because of difficulty in controllmg all 
sources of supply of new rubber, and partly 
because both scrap and substitutes supply com- 
petition for the plantation product. Some of the 
substitutes are, in fact, better than natural rubber 
for certain uses. Further, this competition will 
increase, since new processes for making syn- 
thetic rubbers are announced regularly, their 
quahty improves steadily, and much lower prices 
for such products are possible with improved 
processes of manufacture and large volume of 
production. This tends to depress the price of the 
natural product. It is even possible that synthetic 
rubbers may displace aU plantation rubber in 
time, certainly for some, though probably not 
for all uses. 

The original home of tlie Hevea brasilmisis^ 
the 'rubber tree,” was the Amazon basin, where 
a moist climate, deep soils, and elevations of less 
than 500 feet favor its growth. There, individual 
trees have been known to attain heights of 125 
feet, with trunks more than 18 feet in giith, 
though the average tree on a plantation is not 
more than 50 to 60 feet tall. In 1876, seeds 
brought from the Amazon basin were planted at 
Kew Gardens, near London, and young trees 
gi'own from them were later sent to Ceylon, 
where environmental conditions are similar to 
those of the area from which the seeds came. 
From this small beginning have developed the 
rubber plantations of southeastern Asia, which 
cover an area greater than that of some of the 
smaller states of this country. After more than 
half a century, however, the rubber-plantation 
industry has returned to the original home of the 
rubber tree, the Amazon basin. 

Rubber Flantations in the Americas, In order 
to ensure control of a supply of rubber, Henry 
Ford acquired a concession oJE 3860 square miles, 
or 2,471,000 acres of land, in the Amazon basin, 
about 500 miles upstream from Belem on the east 
side of the Tapajoz River, one of the southern 
tributaries of the Amazon, in July, 1927. There, 
for the first time, estabhshment of a rubber 
plantation was attempted in the original home of 


the rubber tiee. Later, in 1934, the southeast 
686,000 acres af the original grant, known as 
‘Tordlandia,” weie exchanged for an equal area 
farther downstream, a few miles above Santarem. 
Tins tract, knovm as 'Telterra,” is now the im- 
portant pioducmg area. At present, nearly 20,000 
acies and 3,000,000 trees have been planted, 
about three-quarters m Belterra. Though the 
current production is small, it is expected to be 
12,000,000 to 15,000,000 pounds in 1948, when 
the 1941 planting at Belterra will be in pro- 
duction. 

Brazilian encouragement of this venture in- 
cluded an agreement to levy no imposts for a 
period of 50 years, in return for which the com- 
pany would pay 7 per cent of its profits to the 
local governments during that period, 2 per cent 
to the municipalities, 5 per cent to the state. Sev- 
eral difficulties have confronted this development. 
One was that the first plantings did poorly be- 
cause of attack by disease and an unsatisfactory 
choice of site. Another was the scarcity and 
unsatisfactory character of the labor supply. The 
laborers, for example, objected to paying rent 
for houses built by the company because, from 
their point of view, houses are something “Provi- 
dence, the boss, or the company provides.” 
Again, too high wages were paid at first, which 
not only disrupted the local labor market and 
earned the antagonism of other employers, but 
made the woikers themselves believe that the 
millennium had arrived, for they could work but 
httle and still satisfy all then wants. To induce 
them to work steadily, it was therefore necessary 
to reduce the pay to 60 cents a day, which is only 
slightly higher than the rate paid elsewhere in 
the area. 

This development in the Amazon basin, a few 
miles upstream from Santarem, the port and 
market center at the junction of the Tapajoz and 
Amazon rivers, is still in the experimental stage. 
The location is excellent, for both the Tapajoz 
and the Amazon are navigable, therefore the 
plantation is accessible by water. Further, natural 
conditions favor the growth of the rubber tree 
and land is cheap. This is a large-scale, efficiently 
managed enterprise, with its own towns, which 
have houses for both white and native labor, 
waterworks, sewers, electric-light plants, and 
hospitals. There are also miles of roads, docks, 
warehouses, and other buildings, in addition to 
sawmills, dry kilns, and the other facilities neces- 




Fig. 322. Map showing the location of the rubber plantations formerly owned and operated by the 
“Companhia Ford Industrial do Brasil.” This is the only large-scale attempt to establish a rubber plan- 
tation in the Americas, and the only one in the Amazon basin, though the attempt has been made to grow 
rubber elsewhere, as in Costa Rica, where, in 1945, there were about 75 small, widely scattered rubber 
farms. 
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sary to make the project essentially self-contained. 
This venture, involving a total investment in 
excess of $15,000,000, normally employs about 
2500 laborers. Today, however, it has passed out 
of Ford ownership, the government of Brazil 
accepted the Foid offer to sell for $250,000 on 
December 15, 1945 Though ownership has 
changed, the plantations still hold forth some 
promise of affording a nearby source of supply 
of rubber in the future. This is very important 
for such a vital raw material, especially in times 
of war. 

The future of rubber plantations is far from 
assured. Their productive capacity of 1,600,000 
tons of rubber in 1941, with a record consump- 
tion of 1,100,000 tons in the same year, left a 
potential surplus of nearly 50 per cent. This 


unsatisfactory relationship between possible pro- 
duction and market possibilities will later be 
made much more pronounced by the vastly in- 
creased pioduction of synthetic rubbers which 
has developed during the war, for some of these 
will undoubtedly retain part of the market they 
have captured, even when full plantation pro- 
duction is restored. It would appear, therefore, 
that some shrinkage of acreage is due, and that 
many marginal producers will be forced to dis- 
continue operations. 

The Fopulation of Areas of Flantation Agri- 
culture Both the density and distribution of 
population very markedly in the regions where 
plantation agriculture has become established. 
Everywhere, it is tiue, the possibility for the 
support of additional numbers has accompanied 



Fig. 323 Top* Nursery at Belterra with budded trees. Young trees are planted about 100 to the 
acre and thinned later, only the healthiest ones being preserved. Budding, or grafting of a dormant 
bud from a proved high-yielding tree, is common because it increases tlie yields of latex 

Bottom: Hillside planted m rubber trees at Fordlandia, with a heavy cover crop, to check runoff, loss 
of soil, and to simulate forest conditions. (Courtesy of the Ford Motor Company ) 
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development of this type of agriculture and 
everywherie, as well, settlement is compact on 
the plantations, but conditions elsewhere vary 
with the use of adjacent areas. In the Amazon 
basin, for example, the Ford plantation is bor- 
dered by undeveloped territory with few, mostly 
primitive, and widely scattered inhabitants, 
whose activities tend to be concentrated along 
the stream courses which serve as liighways. 
There are few settlements of any size and, over 
much of the area, the population density is less 
than two persons to the square mile. By contrast, 
the plantations of the Netherlands East Indies 
are m many cases located in regions where popu- 
lation densities range from moderate to very 
great, and urban development is considerable. 
In such areas, the plantations only serve to inter- 
rupt and modify the former pattern of population 
distribution. Therefore there is no uniformity of 
population density or distribution in those parts 
of the tropics where the plantation type of agri- 
culture has become established. 

Semiplantation Agriculture. In addition to the 
plantations of the tropics, a semiplantation type 
of agiiculture sometimes evolves in areas on the 
poleward margin of lower latitudes in the West- 
ern world. Thus, in our own southern states, we 
have what are known as 'plantations,” for ex- 
ample, the large farms on which much of the 
cotton is grown. Prior to the Civil War, when 
these holdings were worked by slave labor, this 
may have been their proper designation. Today, 
however, this may be open to serious question, 
for they differ materially from the rubber and 
other plantations of the lower latitudes, since 
much of the land is worked by individual tenants, 
often sharecroppers who receive a portion of the 
crop as their wage, rather than laborers working 
under the supervision of overseers. Further, a 
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considerable fraction of the acreage is devoted 
to food and feed crops like those grown in regions 
of diversified agriculture in other parts of mlei- 
mediate latitudes. It is probable, theiefore, that 
it is best to consider this type of production a 
modification of general farming, in which em- 
phasis is placed on a cash crop, in this case cotton. 

Occidental Tropical Agriculture and Interde- 
pendence. Today, we live in an interdependent 
world. This has been brought home with in- 
creased for^e by the late war, when acute short- 
ages developed as distant sources of supply of 
vital raw materials were cut off. To meet this 
situation, we have transferred certain crops, 
many grown on plantations in faraway parts of 
the world, particularly in southeastern Asia, the 
East Indies, and the Philippines, to the Americas. 
Thus we are now growing abaca or Manila hemp 
on an extensive scale in Panama; we are encour- 
aging the production of rubber in Central and 
South America; we are securing teak from 
Panama, Costa Rica, and Honduras, and we are 
attempting experimental cultivation of cinchona 
and several other forest products in the Carib- 
bean areas. 

Though possible with the abnormal economy 
of wartime, it is open to question whether this 
production can be continued in the future at a 
profit, for it will be necessary to meet the com- 
petition of low Oriental wage levels. Offsetting 
this handicap, however, is the great advantage of 
controlling a source of supply in times of emerg- 
encies, and the desirability of diversification of 
production in Middle America. Therefore it is 
probable that some of the changes which have 
occurred during the war, for example the produc- 
tion of abaca, will be permanent, and it is like- 
wise true that other modifications of Caribbean 
agriculture will probably develop. 


QUESTIONS AND EXERCISES 


1. What has caused the recent extensive develop- 
ment of plantation agriculture? What effect has 
the introduction of plantation agriculture had 
on other types of agricultural production in the 
tropics? 

2. Where are tropical plantations located? Why? 
Why is such a small fraction of the tropics used 
for such plantations? 

o. What crops are grown on tropical plantations? 
How are they produced? Do they constitute any 
important addition to the world's food supply? 


For what are most of them used? Illustrate by 
examples. 

4. Describe the ownership and operation of trop- 
ical plantations. What is the character of tlie 
labor supply? 

5. What effect has the introduction of plantation 
agriculture had on native populations and their 
economic opportunities? 

6. What social and economic problems have been 
introduced by the practices of plantation agri- 
culture? Why? 
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7. Where are the principal commercial banana- 
producing areas of the world located^ Where 
are the markets for the production of these areas? 
What are the natural conditions necessaiy for 
the successful commercial production of ba- 
nanas? Describe the methods used in growing 
and harvesting this crop. 

8. Discuss the spread of bananas as a crop and 
the history of their use in the United States. 
Why were they imimportant for so long in this 
country? 

9. In what areas is the commercial production of 
cane sugar concentrated? Why? What are the 
natural conditions necessary for its successful 
commercial production^ Why is irrigation often 
necessary^ Why is Cuban production so im- 
portant? 

10. Discuss the importance of cane-sugar produc- 
tion in the economic life of Cuba. Describe the 
organization of Cuban production and the agri- 
cultural practices followed m growing and har- 
vesting the crop. 

11. Where are the principal commercial rubber- 
producmg areas of the world located^ Why? 
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12 Discuss the history of rubber production and 
describe a typical Oriental rubber plantation. 

13 To what extent ha\e the returns from rubbei 
plantations \^aried^ Why is the future of rubber 
plantations fai from assured^ 

14. Where is tlie ''Ford’' rubber plantation located? 
What natural advantages does this location pos- 
sess-^ From what handicaps does this venture in 
plantation agriculture suffer? What is the own- 
ership of this plantation at present? 

15 What effects has the mtroduction of plantation 
agiiculture into the tropics had on population 
density and distribution? 

16. What "semiplan tation” types of agricultural 
production occur m the United States? How do 
the practices m such production differ from 
those of the tropics? 

17. What effect has the late war had on our appre- 
ciation of the fact that we live in an interde- 
pendent world? Illustrate by examples. 

18. What crops have been introduced into Middle 
America as a result of the late war? Will it be 
possible to continue their production in peace- 
time? Why? 
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chapter Thirty-Four 

FORESTS AND THE FOREST INDUSTRIES 


The Variable Value of Forests. Forests have must also have persisted for many centuries, dui - 
played an important role in human affairs by ing which human progress was slow, 
affecting the economic activities of man at all When man began to cultivate crops rather than 
periods, even prior to those for which we have depend entirely on the bounty of wild life, plant 

any written record. However, both their actual and animal, the value of the forests altered once 

and then relative values have differed from time more among those populations which practiced 
to time, varymg both with the stage of human agriculture. Then they were again a hindrance to 

development and the degree of such develop- occupancy, for forest cover must be removed, at 

ment attained m particular areas. least in part, before production of cultivated 

During that period, presumably of great length, crops is a possibility. At that early stage of man's 
when man did not know how to kindle a fire development, this was dijfficult, for tools were still 
and when his tools, if any, were few in number few in number and not effective for use in clear- 

and extiemely crude, regions of dense forest ing forest, so that hacking down trees with them 

must have been difficult of utilization and only must have been both laborious and time-consum- 
their margins capable of effective occupancy, ing. In some areas of very heavy growth, such 
Obviously, this statement is based upon incom- clearing may well have been virtually impossible, 
plete infoimation, for our knowledge of such even when supplemented by use of fire. It is 

remote times is too fragmentary to permit much probable, therefore, that man s first attempts at 

more than intelligent speculation concerning agriculture were confined to areas of scattered 
them. Nevertheless, in view of his inherited limi- tree growth, or even grasslands, especially since 
tations, it would appear probable that man s some of the first cultivated crops such as wheat 
earliest home must have been marginal to rather and barley were developed from wild ancestors 
than in the heart of forests such as those of the native to the steppes. Certainly, even as late as 
rainy tropics, though doubtless he made use of that period when the important civilizations of 
certain of their products even then. During this the Western world were grouped around the 
period, then, dense forests were in a marked de- borders of the Mediterranean, there were no 
gree hostile rather than friendly to the primitive comparable developments in densely forested 
populations of that time. regions. Further, at that time there was wide- 

Somewhat later, when tools attained greater spread belief, even in well-informed circles, that 
perfection and specialization, the value of forests no high degree of development could ever be 
and their utilization increased, for they not only attained in the heavily forested areas of either the 
supplied nuts, fruits, and other foods, but cloth- higher or the lower latitudes because of the ham- 
ing was fashioned from some of their products; pering effects of the vegetation cover, often 
their wood served as fuel and for building ma- associated as well with climatic and dtainage 
terial, and dugouts, made from the hollowed-out conditions regarded as repressive for man, though 
trunks of trees, were used to transport man and favorable for tree growth. During this same 
his limited possessions from place to place. These period, however, the forests still supplied many 
values of the forest, like those of the preceding of man s needs, including fuel and material for 
period, when its function was largely restrictive, construction. In fact, so important were they 
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even at that early time, and so extensive were the 
drains on their limited resources, that they were 
depleted seriously in the areas of early develop- 
ment around the Mediterranean. 

As man made additional progress, he became 
increasingly able to cope with forest conditions 
effectively and, eventually, to an extent that the 
denser forests of northwestern Europe were sub- 
dued and much of the land formerly occupied 
by them passed under the plow. From Europe, 
man pushed across the Atlantic to the shores of 
the Americas and, in the United States, into the 
interior west of the Appalachians in considerable 
numbers. There, he cut down the trees, plowed 
the land, and planted crops. To these early 
settlers, the forest was boundless in extent and its 
wealth was inexhaustible. What timber they 
could not use for building houses and fences or 
for fuel was destroyed for, until this was accom- 
plished, they could not plant crops. Therefore 
there was a profligate use of timber, unavoidable 
at the stage of development of the area. 

Such clearing is no longer the general prac- 
tice in the United States, since an adequate 
market for lumber and other forest products 
now exists. Further, it is now realized that there 
is a desirable balance between pasture land, crop 
land, forest land, and types of land devoted to 
other uses, for each satisfies some requirements; 
and that, unless such a balance is maintained, 
effective use of all is handicapped. Today, there- 
fore, we no longer commonly destroy felled 
trees but convert them into lumber, and use of 
forests for the primary purpose of securing their 
products is in general an end in itself rather than 
a necessary step in bringing land into agricul- 
tural or some other type of effective production. 

However, despite this evolution, all types of 
forest use which have been described still persist, 
much as do the various types of grazing, agricul- 
ture, and other human activities. In our con- 
sideration of forests and forest production, we 
shall, therefore, recognize the following present 
types of forest use : ( 1 ) the collecting stage, much 
like that of the prehistoric past; (2) clearing for 
agricultural use; and (3) various types of lumber- 
ing operations and the harvest of forest products. 

The Collecting Stage So long as man remained 
a self-suflScient hunter, he utilized only a small 
fraction of the possibilities offered by the forests. 
In this stage of his development, he modified 
the forest environment of areas he occupied but 


slightly, if at all, for the toll he took was small. 
Plants provided part of his food, it is true, but 
he was content with their fruits and a few of 
their other structures, and always his levy was so 
slight that few if any species were extirpated 
by his demands. Similarly, he depended on ani- 
mal life, but his destruction of limited numbers 
of certain species which afforded food was offset 
by an accompanying elimination of the carni- 
vora which preyed on them, so that the balance 
of nature was disturbed to only a negligible ex- 
tent. 

When Europeans first landed in North Amer- 
ica, therefore, even though some of the Indian 
tribes had advanced beyond the primitive collect- 
ing stage of development and had become cul- 
tivators of the soil, they found the natural en- 
vironment relatively unaltered, though probably 
not the primeval wilderness pictured by certain 
historians. With their coming, however, the col- 
lecting stage entered another phase: that of 
plundering the foiest, not to satisfy the needs of 
a native population only, but those of more 
advanced groups in other parts of the world as 
well. 

This is in general the phase of the collecting 
stage today in most parts of the world where it 
still exists, for example, in the areas of conifer- 
ous forest of Canada and Eurasia, and of ever- 
green hardwood forest in low latitudes. Today, 
the primitive populations of these regions enter 
into the world's economy by collecting products 
desired by more advanced populations of other 
parts of the world. Thus the Indians of northern 
Canada have become in large part trappers, work- 
ing for the Hudson Bay Company, and dependent 
on exchange of furs to obtain the necessities for- 
merly supplied from local resources. Wild rubber, 
tropical nuts, cabinet woods, and other products 
are secured from the forests of the low latitudes 
m somewhat similar fashion. Whether this ex- 
ploitation affects the forest resources adversely 
to an important extent varies from place to place, 
and from time to time in the same place, though 
the change produced is always greater than that 
resulting from meeting the needs of a primitive 
hunting population only. 

Clearing for Agricultural Use. With invasion of 
areas of denser forest growth by agriculture, 
removal of the forest cover is a necessary pre- 
liminary to growing cultivated crops. Among 
primitive populations of the rainy low latitudes, 
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continuous and rapid leaching, or loss of soluble the forested land of the coastal plain of Virginia 
mineral plant nutrients from the relatively in- was exhausted; none remained to be cleared and 
fertile soils, limits continuous agricultural use of tobacco production became unprofitable on the 
any clearing by native populations to a few years, ravished soils of the gullied fields. This led to 
and enforces frequent shifts of the fields under abandonment of much of the land, poor living 
cultivation. This necessity for continuously bring- conditions among the remaining inhabitants, and 
ing new land into production results in serious impoverishment of the area. Even today, in some 
devastation of the forest and replacement of the of the areas of earliest colonial settlement m the 


original cover by jungle weeds or useless growths 
in the abandoned clearings. Thus such production 
m the rainy low latitudes leads to neither effec- 
tive use of the forest resources nor permanently 
productive agricultural use of the land cleared. 
Even in those regions where population is so 
sparse that actual shifts of the villages are un- 
necessary, successive clearing, planting, and 
abandonment of the fields, made necessary by 
rapid exhaustion of the available plant nutrients 
in the ashes of the burning and the soils, produce 
the same effects, insofar as the forest and its 
composition are concerned. Primitive agricultural 
populations such as the Fang and the Djuka, it is 
true, make limited demands on certain forest 
products to satisfy some of their needs and thus 
use that portion of the forest resource effectively. 
Of late, however, they have exploited several of 
these products for barter, too often unwisely, so 
that the total of the destruction that has been 
wrought, both earlier and of late, has more than 
offset the compensating benefits accruing from 
either the agiicultural or forest yields obtained. 

Somewhat the same ineffective and wasteful 
utilization of forests was the prevalent practice 
during the Colonial period in the United States, 
notably in the Coastal Plain of Virginia. There 
the common cash crop, tobacco, grown on the 
prevailingly light sandy soils without the use of 
fertilizers, soon exhausted the supply of mineral 
plant nutrients, so that yields thereafter became 
too small to make profitable production of the 
crop possible. At first, this loss of cultivable area 
with such a ‘robber economy"’ was not generally 
considered any cause for alarm, since population 
was small, and land was abundant and cheap, 
though even at an early date some realized that 
eventual disaster must result. Nevertheless, when 
a field became unproductive, it was abandoned 
and another was cleared and planted. The aban- 
doned field then reverted to scrub growth. This 
was much the same practice as that in some of 
the tropical forests today, where primitive tribes 
practice migratory agriculture. At last, however. 


United States, much of the land is idle or giown 
up in virtually worthless brush and small trees. 

When settlement later pushed west of the 
Appalachians into the dissected, hilly Allegheny 
Cumberland Plateau, and farther west to the 
flatter lands of the Mississippi Valley, much of 
the early clearing was still primarily to permit 
agricultural use of the land, though not neces- 
sarily with a view to its abandonment after a few 
years, and the timber, for which there was but 
hmited use and no market, was destroyed to 
accomplish the objective of prepaiing the land 
for cultivation. Today, this seems a reckless waste 
of a valuable resource, but it should be remem- 
bered that, at the time and in the areas of early 
settlement, this waste was unavoidable. 

It has in fact been true, not only in our own 
country but elsewhere as well, that, when clear- 
ing has been piimarily with a view to making 
agriculture possible, there has often necessarily 
been a great destruction of forest resources. That 
this was frequently unavoidable furnishes cause 
for regret, since today the need for this wealth 
is brought home by high prices for lumber and 
the use of substitutes, some of lesser desirability 
than the forest products they have displaced. 

Lumbering and Other Forest Industries. 
Where utilization of the forest is primarily for 
the purpose of securing lumber or other forest 
products, the land may or may not thereafter 
pass into agricultural use, dependent on a num- 
ber of factors including location, topography, 
soils, climate, and others. Such lumbering opera- 
tions or other forest industries may occur in sev- 
eral types of forest. Some are evergreen hard- 
wood; others are deciduous hardwood, still others 
are coniferous in type. Areas of deciduous forest 
in intermediate latitudes commonly pass into 
agricultural use after clearing, irrespective of the 
objective in removing the timber; those of con- 
iferous forest more often tend to remain in tree 
growth of some type, except where population is 
dense and pressure on the land is considerable. In 
harvesting the forest production, either lumber 
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or some otlier commodity, the method adopted 
may be of the migratoiy, exploitive type, or it 
may involve treatment of the forest growth as 
a crop which affords continued yields. 

Migratory Lumhenng. This is a pioneer type 
of lumbering, similar in its piactices to those of 
much of the earlier pioneer agricultural use of the 
land. When this type of exploitation occurs, the 
hfe of the industry is short, for the objective is 
to obtain the maximum return in the shortest 
period of time, with no expectation of securing 
any future profit, except possibly from the sale of 
cutover land to prospective farmers. Too often, 
however, the attempts to use such land for the 
production of crops prove unprofitable and the 
area becomes an agricultural slum. No commer- 
cial forest remains, agriculture is unsuccessful; 
community services are inadequate and local re- 
sources will not permit their betterment; living 
conditions are poor and tend to become poorer. 
These are the common conditions in a large frac- 
tion of the cutover lands of the United States, 
particularly of those formerly in coniferous forest. 
Where the land does not pass into agricultural 
or attempted agricultural use, or such use proves 
unprofitable, the base for the regional economy 
narrows or even disappears with the passing of 
lumbering operations. Boom towns fade when the 
mills cease operations, houses stand vacant when 
employment vanishes, stores and hotels no longer 
have sufficient business to continue existence, and 
another ‘"ghost town^’ is added to the lengthening 
list of formerly flourishing communities. This 
type of lumbering operation, or forest devasta- 
tion, characterized most of the earlier attempts 
to exploit our forest resources for private gam. 
The period of its existence, however, was one of 
cheap lumber, for, until cutting improved its 
value, timber was practically unsalable. It was 
this supply of cheap lumber which in part made 
settlement of the grasslands of the interior of the 
United States a possibility, for it alone placed 
building material within the means of the pio- 
neers of the prairies and steppes of the in- 
terior. 

Lumbering by Harvest of a Forest Crop The 
alternative to the migratory or exploitive type of 
lumbering is to treat the forest growth as a crop, 
allowing the young trees to mature before cut- 
ting, harvesting only those which are ripe, before 
deterioration sets in. Such a practice insures 
continuous, uninterrupted yields and a steady 


income from the foiest industries and their piod- 
ucts. Undei such practice, the boom times asso- 
ciated with exploitive lumbering may be lacking 
and returns may temporarily be lower, but the 
abandonment and depression which follow de- 
structive exploitation of the forest resource are 
likewise absent, and continued profitable use 
and returns become a possibility. Such a use of the 
forest was obviously impossible at an earlier date 
and, though desirable from the standpoint of the 
country as a whole, may be economically imprac- 
ticable even today for the private individual, 
since lumber prices and confiscatory taxation 
frequently force undesirable cutting to prevent 
total loss of equity by the owner. In areas of older 
settlement hke Europe, however, where experi- 
ence has emphasized the necessity for effective 
use of all types of land, including those suitable 
only for a forest crop, the use of forest land to 
permit continuous though smaller returns is com- 
mon under government ownership, and generally 
encouraged by laws which permit its practice 
by individuals. 

Forest Industries of the Tropics. The forests of 
the tropics, though extensive and containing great 
reserves of timber, are virtually untouched by 
lumbering operations as yet, except as they sup- 
ply a few cabinet or other woods of special but 
limited uses. In fact, more lumber from inter- 
mediate latitudes is shipped into the tropics than 
moves in the reverse duection. 

Some of these tropical woods, however, though 
cut in only small quantity, are important, and 
some have been known and used for a long time 
because of their special properties. The black 
heartwood of ebony, for example, obtained from 
several species of trees and used for inlays and 
other cabinet work, is mentioned in Ezekiel 
XXV11.15 as a common article of commerce from 
Tyre. It was also known to Herodotus, who states 
that the Ethiopians sent 200 logs every 3 years 
as tribute to Persia. It was likewise known to the 
Romans, for it is mentioned by both Virgil and 
Pliny. Because so hard and black, early tradition 
taught that it was the wood of a tree never ex- 
posed to the sun and without leaves or fruit, 
though of course this is not true. Today, it is ob- 
tained from southeastern Asia and western equa- 
torial Africa, where native populations, including 
the Fang, exploit the wild forest resource. Other 
common tropical hardwoods of value include 
mahogany and rosewood. The former is obtained 
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from Caribbean areas, Africa, and southeastern 
Asia; the latter from Brazil, Honduras, and Ja- 
maica. Sandalwood, known since the fifth century 
B.C., and valuable because of its aroma, is like- 
wise cut and marketed in small quantities. The 
most important of all the tropical hardwoods, 
however, is probably teak, obtained from the 
deciduous forests of those areas of southeastern 
Asia with rainfalls of 30 to 50 inches, and, of late, 
in small quantities from Central America. The 
tree, which grows best on well-drained slopes, at- 
tains a maximum height of 100 to 150 feet and 
a size of 24 inches in trunk diameter at shoulder 
height in 80 years, when grown on plantations. 
In the forest, growth is somewhat less rapid. The 
particular value of teak is its durability, perfectly 
preserved timbers 1000 years old being known. 
Therefore it is used extensively in India and ad- 
jacent areas in large buildings such as temples. It 
also possesses the desirable characteristics of not 
checking, splitting, or shrinking after seasoning, 
and it is likewise easy to work and takes a beauti- 
ful polish. When green, it is heavier than water. 
Therefore, when cut in the forest, it is seasoned 
before being floated out. This is accomplished by 
girdling the tree, or cutting a ring around its base. 
This kills the tree and allows rapid and effective 
seasoning by exposure to sun and wind. Most of 
the teak of commerce comes from Burma, where 
it is exported through Rangoon. 

The hardwood forests of the tropics have so 
far escaped exploitation to any great extent, ex- 
cept by native populations, because of an un- 
favorable climate and the scarcity of labor in areas 
of their occurrence. Further, many of the woods 
are so dense and heavy that they will not float. 
Therefore, in the absence of roads and rail lines, 
it is difficult to get the logs to market. The varied 
stand of the forest is also a hindrance to lumber- 
ing operations since there is no demand for many 
of the species. Hence clean cutting is not prac- 
ticable and taking out single trees far from 
streams is virtually impossible. Again, even for 
those species for which a market exists, the de- 
mand is limited, for hardwood lumber is not used 
in general construction but only for the manufac- 
ture of furniture, for interior trim, and for similar 
purposes. As a result of this combination of handi- 
caps to profitable cutting, the tropical forests, 
particularly those of the rainy tropics, have so 
far been of but slight value to man as a source of 
lumber. 


Forest Industries of Intermediate Latitudes, 
By contract with those of the tropics, the forests 
of intermediate latitudes at or near sea level are 
both hardwood and coniferous in type, or some- 
times composed of mixed stands. The hardwood 
forests, made up of species which are for the 
most part deciduous, or which shed their leaves, 
consist of our common broad-leaved trees such as 
oak, hickory, beech, maple, walnut, elm, birch, 
and many others, including numerous shrubs. 
Some furnish lumber, used in the manufacture 
of furniture and for interior wood work in our 
houses; some of these same species, as well as 
others, are often used for firewood The conifer- 
ous forests, the more important, include several 
valuable species of trees such as white, long- and 
short-leaf pine, Douglas fir, redwood, spruce, 
and cedar. Some are valuable for construction, 
others for the manufacture of wood pulp and 
paper, and several find some use as fuel. 

Forest Industries in the United States Hardly 
had settlers landed on the Atlantic seaboard be- 
fore they began to despoil the forest, at first 
largely to clear the land for cultivation, but 
shortly to secure lumber for local use and timber 
for export, since the tall, straight pines of New 
England made excellent masts and spars for Eng- 
lish shipping. Up to 1850, New England led in 
lumbering, with white pine the most valuable of 
the lumber produced. Even before that date, 
however, operations had extended to the west 
and south, this movement continuing to the 
present time at an accelerated rate, until cutting 
has today invaded the last important stand of 
virgin timber, that of the Pacific Northwest, 
where removal of the forest now proceeds at a 
rapid rate. Between 1850 and 1870 the center of 
production had shifted to New York and Penn- 
sylvania; then it moved to the Lake States. By 
1900, it was centered in the South and, since 
1915, the most important cutting has been in 
Washington and Oregon, though lumbering still 
remains important in the southeastern states. 

Forest Industries of the Northeastern United 
States, The United States uses two-fifths of the 
world’s production of wood and one-half of that 
of wood pulp. Of this amount of pulpwood, the 
formerly extensive forests of the northeastern 
states supply only a small fraction; of the saw 
timber, even less. White pine, perhaps the best 
construction timber the world has ever known, is 
virtually exhausted except for scattered growths, 




Fig. 324. Top A worker piling spruce pulpwood, Superior National Forest, northeastern Minnesota. 
Paid at the rate of $5 00 per cord for swamping out skidway, cutting trees, bucking, peeling, and stacking, 
he averages slightly less than one cord per day. 

Middle: Hauling hemlock tie cuts by caterpillar tractor. Three miles north of Radisson, central Sawyer 
County, northern Wisconsin. 

Bottom. Driving the Littlefork River, Koochiching County, northern Minnesota The logs have jammed 
or lodged and the attempt is being made to free them so they will float down the Rainy River to International 
Falls, an important mill town on the International Boundary The smaller logs will be used for pulp; the larger 
ones will be sawed into lumber. (Courtesy of the U. S. Forest Service.) 
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often of inferior quality, the bulk of the remain- 
ing timber being spruce and hemlock. These are 
cut for pulp, to be used in the manufacture of 
paper. This part of the United States has many 
advantages for such manufacture since the 
species of trees which grow in New England 
ajSord the necessary raw material, there is an ade- 
quate supply of clear water, and numerous swift- 
flowing streams permit development of the power 
necessary for use in the industry. 

Forest Industries of the Lake States. Like the 
New England States^ the Lake States have been 
denuded of most of their saw timber, both co- 
niferous and hardwood, so that the forest produc- 


tion of importance today is not lumber but pnlp- 
wood. Some pine is cut, it is true, but the stands 
are limited, scattered, and often relatively inac- 
cessible, so that only the great desirability of 
white pine lumber tempts lumbering operations. 
Most of the present cut of the conifers, and some 
of that of the hardwoods, is for cordwood, to be 
used in the manufacture of pulp and papei, and 
even that is limited. Of the area cleared, most of 
that foimerly in hardwood foiest has passed under 
the plow; of that in coniferous forest, a large part 
remains idle. Much of this is today tax delinquent 
and reverting to public ownership for non-pay- 
ment of taxes. Some is absorbed in national forest; 
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Fig. 325. Upper left: Cutting shortleaf pine, Ozark National Forest, Arkansas 
Upper Right Loading a truck by a mule team and crosshaul, Davy Crockett National Forest, Texas 
of the u!rF;reJsimce.T’ ' Company, Ouachita National Forest. Arkansas. ( Courtesy 



Fig 326. Upper left‘ Preparing a tree for the collection of turpentine, putting on the ^"first streak,'^ 
Choctawhatchee National Forest, Florida. 

Upper nght: Pouring gum from cup into hand barrel, Osceola National Forest, Florida. 

Middle. Gathering the take of the ‘'dip squad,'’ the collectors, in large barrels, Ocala National For- 
est, Florida. 

Bottom: Turpentine distillery, Osceola National Forest, Florida. (Courtesy of the U. S. Forest 
Service. ) 
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some is added to the areas in state forest. In either 
case, it is removed from the tax rolls and the 
local tax base is narrowed, often to the point of 
danger. Further, employment disappears and the 
basis for support of the population is destroyed. 
The problems introduced by large areas of cut- 
over land become especially serious in those 
counties formerly covered by coniferous forest, 
where an entire county may lie within the limits 
of public forests which yield little or no revenue 
to the local community. 

Forest Industries of the Southeastern States, 
Except for prairie and marsh land, most of the 
surface of the southeastern states originally had a 
forest cover, either hardwood or coniferous. The 
hardwoods, characteristic of the rough country of 
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the Appalachians and the Cumberland Plateau, 
and of the alluvial plains of the Mississippi and its 
tributaries, were oaks, hickory, walnut, cherry, 
gum, yellow poplar, and other valuable species- 
The conifers were pines of various kinds on the 
uplands and cypress in the swamps. Oiiginally 
covering nearly 300,000,000 acres, the commer- 
cial timber, even including cordwood, now 
covers only about one-third of that area. In this 
forested region, fires— many set deliberately to 
improve pasturage— grazing, and the rooting of 
razor-back hogs, all conspire to keep natural re- 
production low. 

Much of the cut of this region is lumber, both 
hardwood and softwood, this source supplying 
most of the demand of the area east of Chicago 
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Fig 328 Loading large-sized timbers by booms and tackle of the ship taking on the cargo, Portland, 
Oregon, (Courtesy of the U S. Forest Service.) 


because of its accessibility to that market. In 
addition, there is an important production of 
naval stores • pitch, tar, and turpentine. These op- 
erations began in North Carolina, progressed into 
South Carolina, then into Georgia, and, still later, 
into Florida, the areas of earlier production 
decreasing in importance as the industry shifted 
south. Of late, as well, the manufacture of 
kraft paper, a tough, brown wrapping paper, 
has assumed importance, and recent develop- 
ments indicate that, by appropriate treatment, 
the inferior loblolly or old-field pine can be used 
for making the better grades of paper. This will 
go far toward solving the problem of effective use 
of the cutover lands of the Southeast. This is 
particularly good news, for trees grow rapidly in 
this warm area and markets for the possible 
paper production are near by and easily accessi- 
ble by rail. 

Forest Industries of the Far West. The Pacific 
Northwest is a land of forests which contain the 
last important stands of virgin timber and more 
than half of the present saw-log reserve of the 
United States. Further, they are valuable forests 
of Douglas fir, redwood, pine, spruce, cedar, and 
hemlock. Many of the trees are of enormous size, 


even reaching such almost unbelievable dimen- 
sions as diameters of 15 to 20 feet and heights of 
300 feet. They are so large, indeed, that lumber- 
ing operations are entirely different from those 
farther east and southeast. Much machinery is 
used in the removal of these forest giants. For- 
merly, donkey engines and draglines were em- 
ployed but, of late, the caterpillar tractor, which 
causes less damage to young growth, has been 
used extensively to haul the logs to trucks or rail 
lines which transport them to mills, where they 
are sawed, or to tidewater for rafting to mills 
some distance away. The mills, mostly situated 
at tidewater to ensure continuance of an adequate 
supply of logs, represent substantial investments 
and turn out enormous quantities of lumber. 
This is marketed in eastern United States, but 
mostly west of Chicago, and in other parts of 
the world, but particularly in the Orient. 

Around such a milling center as Longview, 
Washington, a planned community located at the 
junction of the Columbia and Cowlitz rivers, and 
accessible from the sea by ocean-going vessels, 
a set of integrated wood-using industries, de- 
signed to use all parts of the logs to advantage, 
has developed. These include manufacture of 
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lumber, lath, wood pulp, slab fuel, fabricated 
products, and even production of power, devel- 
oped by a wood-buinmg plant. To be profitable, 
it is necessary that such a group of industries 
have a continuous supply of raw material, even 
after exhaustion of the virgin timber. To afford 
this supply, replanting was undertaken, but this 
has been halted of late as a result of excessive 
taxation. Such a poHcy, it is true, produces tempo- 
rarily greater returns to the public treasury, but 
the ensuing discouragement of reforestation, plus 
increased cutting, eventually destroy the tax base 
and cause bankruptcy. Where such excessive tax- 
ation is the practice, the community is Hving up 
its principal. The proper policy is to tax the land 
and the forest separately, the latter but once, 
when the tree crop is harvested. Under this prac- 
tice, reforestation may pay and, if so, the tax 
return will continue undiminished and the com- 
munity will remain solvent. 

The Forest Mine of Canada. Of the slightly 
more than 1,250,000 square miles of forest land 
in Canada, about 30 per cent is estimated to have 
merchantable timber. Of this, 68 per cent is east 
and north of the Great Lakes; 18 per cent is in 
British Columbia. Much of this forest is not saw 
timber, for the trees are small, but the species are 
suitable for the manufacture of pulp, the produc- 
tion of which has developed as an important in- 
dustry along the southern margin of the Lauren- 
tian Highland. The basis for this development 
has been the adequate timber resource, the 
available supply of clear water, the possibihty 
for geneiation of power where the rivers drop 
over the edge of the highland to the plains which 
border the St. Lawrence River, and the expand- 
ing market for paper in near-by areas. This de- 
velopment is of interest to us since we obtain half 
of our newsprint from our neighbor to the north. 
On the West Coast, the forest is similar to that of 
of the Puget Sound region in the United States 
and lumbering is there, as on this side of the bor- 
der, an important industry, supplying forest 
products, not only for the local market but for 
export as well, particularly to the Orient. The 
toll levied on these forests has been very heavy 
during recent years. The production of Sitka 
spruce, for example, has been up at least 50 per 
cent, because of its use in mihtary planes. Al- 
ready, the virgin growth is largely gone; all 
types of this timber will be exhausted within the 
next 40 or 50 years. The cutting of both spruce 


and fir is in stands which have required 250 years 
to grow and reforestation is not practiced because 
of governmental regulations with reference to 
leasing and cutting. These impose an annual tax 
of $140 per square mile of leased forest land, 
irrespective of whether any timber is cut. To hold 
the land under such regulations is to invite cer- 
tain bankruptcy. Therefore the holder of a lease 
cuts the timber as rapidly as possible to decrease 
the amount of this tax. When the merchantable 
timber has been removed, he does not attempt 
reforestation but abandons the lease. Though this 
may be financially profitable for the individual, 
it is not in the public interest. 

Forest Industries of South America. Despite 
the high percentage of its land surface in forest, 
estimated at 44 per cent, or more than 25 per 
cent of all the forest land in the world, even the 
most important areas producing forest products 
in South America are small, widely separated, 
and production is limited. This is because profit- 
able operations in the tropical forests are difficult 
and confined to stream margins. Elsewhere, ex- 
cept in the southeast, valuable forests are lacking. 
The hardwood forests of the tropics furnish me- 
dicinal products, gums, resins, dyes, nuts, and 
hmited amounts of hardwood lumber such as 
mahogany and rosewood, but the total value of 
this production is small. South of the 38th paral- 
lel in Chile, the rain-soaked forests, in which 
lumbering is carried on with dfficulty and for 
only part of the year, supply a limited quantity 
of saw timber, though larger amounts of poles, 
posts, firewood, and poor quality lumber for 
local consumption. Only in Southeastern Brazil 
is there an important stand of commercially valu- 
able forest. There, Parana pine, which grows to 
a diameter of 4 to 6 feet and to heights of 80 to 
120 feet, covers approximately 100,000,000 
acres, and there the only really important lum- 
bering industry in South America has developed, 
the cut being exported as well as used locally. 
Yerba mate, or Paraguay tea, the leaf of a tree 
which when treated with boiling water produces 
a stimulating beverage, the favorite drink of sev- 
eral million people, is also obtained from this 
same general area. 

Forest Industries of Africa. The forests of 
Africa are of even less commercial value than 
those of South America. In the south, there are 
none of importance; in the rainy tropics, their 
products are limited to nuts^ some cabinet woods^, 
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Fig, 329. Hauling logs in the Siberian taiga during the winter, with use of a caterpillar tractor. Erijsky 
lumber station, near Lake Baikal, Buriat-Mongol Autonomous S. S. R., (Courtesy of Sovfoto.) 


and possibly some wild rubber. In many areas, 
in fact, the forest growths of value have been 
destroyed by native exploitation and cultivation. 
In the north, much of the land has been denuded 
of larger trees and even of all tree growth, par- 
ticularly where pastoral pursuits have led to sys- 
tematic firing to secure better grazing, or where 
crops have preempted the land. Thus today, for 
example, the greater part of the Moroccan Tell, 
the fertile land of the maritime border, is bare 
of forest. In the mountains, however, some still 
remains, made up of several oaks, from one of 
which cork is obtained; cedar; and Aleppo pine, 
the last two affording construction material. 
However, the value of these forests is sHght and, 
except for cork, they furnish no products for 
export. 

Forest Industries of Asia. It is estimated that 
21.6 per cent of Asia is forested and, though this 
percentage is not large, the area is enormous be- 
cause of the great size of the continent. Therefore 
these forests are among the largest in the world. 


though but little utilized as yet. In the southeast, 
teak is a valuable forest product, and the Philip- 
pines and certain other areas supply cabinet 
woods, but the total output from these low-lati- 
tude forests is small. In eastern Asia, in China, 
most of the original forest cover has been de- 
stroyed and forest production is unimportant. In 
Japan, much forest still remains in the mountains, 
particularly in the northern island, Hokkaido, 
where it forms the basis for a paper manufactur- 
ing industry. Some lumber is also produced in 
Japan, but it is mostly of inferior quality, since 
the species of trees available, except for one of the 
cedars, the Cryptoineria, do not afford good saw 
timber. The most important of the commercial 
forests of Asia are those of Siberia, the exact 
extent of which, though unknown, is vast. These 
lie to the south of the tundra and are not con- 
tinuous. Pines, fir, spruce, larch, and cedar, all 
conifers, make up approximately 75 per cent of 
this forest, the balance consists of deciduous 
hardwoods. In places, the stand is pure; else- 
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where it is mixed in composition. Up to the pres- 
ent, these forests have been exploited but slightly 
because of the undeveloped character of the 
country and poor transportation facilities, but 
this condition is now altering rapidly. 

Forest Industries of Em ope. It is estimated 
that 33 per cent of Europe, largely areas of either 
thin and poor soils or rough topography, is for- 
ested, but primeval forest has practically van- 
ished in this highly developed continent, and 
ti'ees are grown largely as a crop. In the south, 
around the Mediterranean, the percentage of 
land m forest is small, and the same is true in 
the British Isles; in Ireland, it falls to 1.4 per 
cent. In most of continental Europe, it varies 
from 20 to 30 per cent, in Sweden, it rises to 54.8 
per cent; and in Finland to nearly 65 per cent. 
In these last two areas, much of the country is 
rough or poorly drained and soils tend to be thin 
and poor, for both have been so heavily glaciated 
that stony soils and rock exposures are common, 
and drainage has been rejuvenated. In addition, 
the climate does not favor agriculture. 

In these last two countries, therefore, the 
forest resources play a significant role in the 
economic hfe and serve as the basis for an im- 
portant export trade. Even in Portugal, however, 
where the percentage of land in forest is small, 
cork IS a valuable export, and, elsewhere as well, 
the forests are more important than might seem 
probable in this old and densely populated part 
of the world. In Finland, where approximately 
65 per cent of the land is forested, with 40 per 
cent in first-class timber, the pulp and paper 
industry is highly developed and nearly 450 saw- 
mills contribute to lumber production, so that 
forest products normally equal about 80 per cent 
of the total exports. In Sweden, likewise, with 
such a large percentage of the land in timber, the 
economic life of the country depends to an im- 
portant extent on the timber and woodworking 
industries. In all, these afford employment for 
about 90,000 workers, and timber and wood 
products comprise nearly SO per cent of all ex- 
ports. These products from both Finland and 
Sweden find a ready market in western Europe, 
including the British Isles. Further, in both Fin- 
land and Sweden, an enlightened forest policy 
ensures permanence to the forest industries. 

Our Forest: Mine or Crop. Most of the destruc- 
tion of our forests has occurred during the past 
hundred years, for important cutting did not be- 


gin until subsequent to 1840, and the peak 
production of 47,000,000,000 board feet was not 
reached until 1907, the period of heaviest drain 
coinciding with that of agricultural invasion of 
the fertile, treeless grasslands of the interior, and 
construction of millions of frame buildings on 
their farms and in their cities. This drain on the 
forest has decreased since, with higher prices for 
lumber, increasing use of substitutes, and a less 
rapid growth of population. In 1932, the cut was 
only 10,000,000,000, and until recently it has 
not exceeded 30,000,000,000 board feet. Spurred 
by war and post-war needs, however, production 
has been much greater, the cut for 1947 being 
estimated at 35,000,000,000 board feet. 

For many years, much of the cutover land 
passed into profitable agricultural use. So long 
as this occurred, though loss of the forest may be 
regrettable, the present more effective use of the 
land is preferable for, after all, land should be 
put to its best use, and growing trees in areas 
which can be used profitably for producing crops 
other than trees is not desirable. 

Much of the more recent clearing, however, 
has been of poor agricultural land, particularly 
in areas of coniferous forest. Further, the acreage 
of cutover land has increased rapidly of late. 
Therefore it is obvious that the demand for such 
land for agricultural use is not pressing. Cer- 
tainly the belief held by some that cutover land 
eventually passes into agricultural use is not 
substantiated by the facts. 

That much of our present cutover land can best 
be used for growing a forest crop is indicated 
by the fact that the sale of such land for agricul- 
tural use is very slow, even when pushed vigor- 
ously. It was estimated, even in the 1920"s, that, 
at the rate of absorption in Minnesota at that time, 
when it was being taken up more rapidly than 
at present, a centuiy or more would be required 
for even the best of the cutover land to be occu- 
pied and that, in the Upper Peninsula of Michi- 
gan, 800 years would elapse before all such land 
would be absorbed in farms. This would at least 
suggest that agricultural opportunity is lacking 
in such cutover areas. 

We have apparently at last come to the time 
when the forest should be managed as a crop, 
not as a mine, much as has been the practice in 
the older, more progressive countries of Europe 
for many years. There, in Germany, France, and 
elsewhere, private and governmental forests. 
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located on nonagricultural land, serve not only to 
conserve moisture and check erosion, but they 
afford as well off-season employment, support 
woodworking industries, supply fuel and lumber 
for local use, shelter wild life, present recreational 
possibihties and, with all these, furnish excellent 
investment for funds, both private and public. 
Many farmers in the United States could likewise 
profitably utilize some of their poorer, less pro- 
ductive acres for growing timber rather than 
continue the common unremunerative practice 
of putting them m ordinary field crops. Such 
woodlots, indeed, would enable a satisfactory 
return from land now unproductive, and possibly 
contributing to erosion, as well as afford employ- 
ment during the slack season. 

Fortunately, there is now some appreciation of 
the necessity for a more mtelhgent pohcy than 
the one which prevailed at the beginning of the 
present century, when it was considered to be 
respectable to scalp the earth and glory in the 
deed, if it was done under the guise of ‘"develop- 
ment.” Such is the power of a phrase in lending 
respectability to an outrageous performance! 
This dawning realization of the importance of 
protecting what remains of our forest inheritance 


is evidenced by the rapid growth of national and 
state forests, the formei alone now containing 
approximately one-third of all our standing saw 
timber, though much of this is located m rather 
inaccessible areas. Our state forests, unfortu- 
nately, generally have but little commercial 
timber, since they are often made up largely of 
cutover land which has reverted to public owner- 
ship through nonpayment of taxes. 

This acquisition of land by the government is 
a step in the right direction, but another should 
be taken to make certain that forest land, that is, 
land best used for growing a tree crop, will be 
devoted to that purpose. To accomplish this, it 
will be necessary to hold forth inducement to in- 
dividuals to invest money in growing timber. 
At present, we too commonly penalize such in- 
vestments by confiscatory taxation. Such a policy 
forces unwise cutting to prevent complete loss 
and throws the subsequently worthless cutover 
land into state ownership. Punitive taxes on 
timber land, it is true, may temporarily yield a 
greater return, but over an extended period of 
time they produce less than would be secured by 
a fair assessment levied on the forest crop, not 
each year, but only when it is harvested. 


QUESTIONS AND EXERCISES 


1. How have the limiting effects of forests on man 
varied at different stages of his development? 
What was tlieir effect during tlie period when 
early Western civilizations were centered around 
tlie Mediterranean? How did tiiis affect evalua- 
tion of opportunity in other areas at that period 
of history? 

2. What are the three stages of forest utilization? 
Do all exist at present? If so, name some area 
where each exists today. How is it possible that 
all three stages continue to exist at the present 
stage of many’s development? 

S. What change has tlie collecting stage of forest 
use undergone of late years? How has this af- 
fected the extent of forest modification pro- 
duced? Has this change been beneficial or the 
opposite? In what respects^ 

4. What effect has clearing of tropical forests for 
agricultural use of tlie land had on areal de- 
sirabihty^^ How has clearing affected tlie econ- 
omy of the coastal plam of Virginia? The present 
density of population as compared with that of 
the past? 

5. Why is it inevitable that, when clearing is pri- 
marily for agricultural use, there will generally 


be a great waste of forest wealth^ Under what 
conditions, if any, will the opposite be true? 

6. In what different types of forest aie lumbering 
and other forest industries carried on? In what 
respects do these types of forest differ from one 
another? Which is the most valuable of these 
types of forest? Why^ For what do its woods find 
use? 

7. What are some of the detrimental effects of 
migratory lumbering operations? Illustrate some 
of the aftereffects of such lumbering operations 
by citing those for some definite location, chosen 
from your own state if possible. 

8. What IS the alternative to migratory lumbering? 
What are its advantages? Name some area where 
lumbering is of this type. 

9. To what extent are the forests of the tropics im- 
portant today as a source of raw materials'^ 
What products do they supply^^ Why are they 
not exploited more extensively? Where are the 
products of such forests marketed? 

10. Describe the shifts of lumbering operations in 
the United States from colonial days to the 
present. Where are lumbering operations im- 
portant in the United States today? 
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11. of what importance are the forests of New Eng- and value of the production. What species of 

land today? Of the Lake States? What products trees supply most of the lumber cut? 

do they supply? Where are these products 16. Describe the forests and forest industries of 
marketed? Eurasia. Compare those of Europe and Asia. 

12. What is the extent of our southeastern forest? Why are they more important in Europe at 

What products does it supply? Where is the lum- present? In what part of Asia are they assuming 

her from these forests marketed^ Why? What greater importance than in the past? How is the 

does the future hold for the forest industries in forest administered in Europe? Why are forests 

this area? What use of the resources of our so important in Finland and Sweden? How have 

southeastern forest has become of importance of governmental planning and encouragement stim- 

iate^ ulated the forest industries in these areas? 

13. Where are the most important remaining com- 17. When did the important dram on the forests of 

mercial forests of tlie United States located? the United States begin? When did this dram 

How large a fraction of the present forest re- reach its maximum? Why? Why has there been 

source do they contain? What products do they a decrease in use of forest products since that 

supply? Where are these marketed? Why is this date^ Wliat effect did the war have on our for- 

a good area for forests? What is the handicap ests? Why was a shrinkage of our original forest 

imposed by their location? area inevitable and to our advantage? Under 

14. Describe the "forest mine’’ of Canada as to lo- what conditions has deforestation been detn- 

cation, types of forest, and use. How rapidly is it mental in the United States? What are some of 

being depleted? In what respect is governmental the detrimental effects? 

policy responsible for this depletion? 18. Outline an intelligent policy for forest use in 

15. Describe the forests and forest industries of the United States. Why may it be diifficult to se- 

South America and Africa as to location, extent, cure public support for such a plan? 
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Chaffer Thirty-Five 
MINING 


Mineral Wealth and Its Exploitable Occur-- 
fences. The sohd crust of the earth has been 
undergoing modification for unknown thousands 
of years, generally so slow that it escapes ordi- 
nary observation, but sometimes so rapid at times 
of great natm'al catastrophes such as volcanic 
eruptions as to force attention. One by-product 
of this long process of change is the concentration 
of mineral wealth, often in accumulations of 
suflScient size and purity to be of economic im- 
portance. Some deposits, such as those of coal, 
petroleum, and natural gas, are of organic resi- 
dues, altered by the same agencies which have 
changed the sediments in association with which 
these minerals occur. Others, like those of all 
the metals and most of the nonmetals, are of 
inorganic materials, though living organisms may 
have participated in the processes which make 
their deposits of value to man. 

If widely disseminated through the rocks, 
economic recovery of a mineral is impracticable, 
but where concentration has occurred through 
the action of either organic or inorganic agencies, 
commercial exploitation is often possible. This 
concentration may result from simple evapora- 
tion and deposition from solution; again it may 
be produced by precipitation with change of 
pressure or chemical condition in the solvent, 
either with or without the intervention of organic 
agencies. Often, it accompanies coohng of molten 
material as a progressive separation of various 
economic minerals in deposits of commercial im- 
portance. Valuable occurrences may even be 
formed in loose material by mechanical sorting on 
the basis of diflFerences in specific gravity, for 
example, of gold in alluvial gravels. 

Sometimes these processes occur at or near the 
surface of the earth; at other times, they take 
place at considerable depths, which may be so 


great that existence of a mineral deposit is unsus- 
pected for long periods of time. Such deep de- 
posits, even if known, are difficult to work, which 
decreases their value materially. Often, however, 
nature cooperates by the the slow operation of 
the agencies of disintegration and erosion to re- 
veal many formed at great depths. Thus the 
^roots’’ of once lofty mountains may come to 
form the actual land surface, with the secrets of 
their formerly buried layers bared for the benefit 
of man. Further, the material worn from these 
same highlands is transported, redeposited, and 
some of its mineral wealth may be concentrated 
in unconsolidated sediments from which it can 
be extracted economically. 

Mineral Deposits and Their Volume. Deposits 
of minerals, both metallic and nonmetallic, difiFer 
greatly in the frequency and extent of their occur- 
rences. Some, like those of coal and iron, are 
found in many places and often in enormous 
quantities; others, such as those of tin, are known 
in but few localities and the deposits are defi- 
nitely limited in quantity. Fortunately for man, 
those which are most indispensable and necessary 
in large amounts are present in those same quan- 
tities, and of those needed in relatively small 
amounts the resources are adequate for some 
time to come, if used intelligently. It is possible, 
of course, that certain of the rarer metallic min- 
erals would find more extensive use if they were 
of more widespread and important occurrence, 
though this is by no means certain for all. It is 
doubtful, for example, whether any great addi- 
tion to the world's supply of gold would have 
definitely beneficial effects. On the other hand, if 
platinum were available in greater quantities, it 
might well be that its use would be greater. In 
general, however, man has no valid reason to 
complain of the bounty of nature in respect to his 
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Fig 331 Washing cycle in a typical hydraulic gold mine, where alluvial gravels are worked Camp- 
tonville, eastern Yuba County, on the Yuba River, which rises on the western slope o£ tlie Sierras of north- 
ern California. (Courtesy of the U. S. Bureau of Mines.) 


heritage of mineral wealth and this is particularly 
true as regards the mineral inheritance of the 
United States. 

Mining an Exploitive Industry. Today we are 
robbing the accumulations of centuries in our 
mining operations. Thus mining is very different 
from most other economic activities. When man, 
for example, lives by hunting and fishing, he 
leaves some of the life forms which furnish his 
food supply to reproduce their kind; when he 
levels the forests, trees will spring up again if 
given an opportunity; when he takes crops from 
cultivated fields, others can later be grovm on 
the same land. But when he extracts the mineral 
wealth, there is no possibility of its replacement 
within the probable lifetime of the human race. 
Thus when we have pumped all our petroleum 
and mined all our coal, we shall be forced to seek 
other means of generating heat and developing 
power; when we have taken out aU our iron ore 
and smelted it, some substitute for iron must be 
found. With exhaustion of other minerals, we 


shall likewise be forced to seek materials to 
serve in their stead or suffer deprivation, if this 
proves impossible. We should, therefore, use our 
heritage of the minerals judiciously so that the 
coming of the day when their exhaustion will 
occur may be deferred as long as possible. 

Exhaustion of Mineral Wealth and Some of 
the Effects Not only will eventual dissipation of 
existing known resources of the minerals foice 
use of substitutes, but it will also have far-reach- 
ing effects on the material welfare of many com- 
munities. In those where mining is the only basis 
for present support, it may cause extinguishment 
of occupancy; in others, where manufactures in- 
volve processing of minerals or fabrication of 
mineral products, it will at least alter the charac- 
ter of the industrial development and may pro- 
duce even more fundamental change. Even 
where the effect will not be so direct, it will be 
important, for all human societies today use min- 
erals for one purpose or another. Thus, even 
hunters and fishermen will be affected, and farm- 
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ers to a much greater extent, but particularly 
those dependent, even indirectly, on the complex 
industrial development of Western civilization. 

The Importance of Mmerals and Mining, Im- 
portant mining of minerals is deferred until rather 
late in the stages of human progress. This may be 
partly because of man’s preoccupation with the 
problems of providing for such vital needs as 
food, clothing, and shelter during the earlier 
periods of his development. These may be satis- 
fied, though rather inadequately, without any 
"mining” of minerals and, quite effectively, with- 
out their extensive use. Again, the value of many 
minerals to man is not always obvious, for often 
they do not occur in such foim that they are 
capable of use without at least some preliminary 
tieatment, and few of those of greatest utility 
exist in a pure or uncombined form to any impor- 
tant extent, if at all. Often, as well, the deposits 
are not easily discovered, or the form in which the 
mineral occurs may be one not famiHar as a 
source of the particular metal or nonmetal. 

Man’s mining and use of minerals have thus 
been limited by the stage of his advancement 
and his dependence on them has increased con- 
sistently as new uses for some have developed 
and uses for others have been discovered. This 
particular aspect of minerals and their value as a 
factor of the environment have been considered 
in Chap, XXIV. At this point, therefore, it is 
sufficient to restate that, with the passage of the 
years and progress in human development, min- 
ing of mmerals has increased greatly in impor- 
tance in the more highly developed areas and in 
those where penetration by more advanced 
populations has occurred. 

Human Culture and Mining, The culture of a 
population group is often the decisive factor 
in fixing the character of the economic activities 
of an area. Thus it does not necessarily follow 
that mining will be an important occupation in 
all areas where mineral wealth is abundant nor 
that mining will not be of some importance in 
others of lesser natural opportunity. In China, 
for example, deposits of high-grade coal are 
widely distributed and the tonnages available are 
enormous. Yet for thousands of years but little 
local use was made of this valuable mineral, ex- 
cept for the smelting of small quantities of iron 
ore. Even in North China, where coal occurs 
widely distributed in beds of great extent and 
tliickness, and where winters are both long and 


bitterly cold, and trees are few in number, it is 
still used to only a limited extent as fuel. In this 
agricultuial region where attachment to the land 
is great, the peasants apparently prefer to culti- 
vate the soil rather than disturb the earth by 
burrowing in its bowels. Instead of burning coal, 
therefore, they make use of limited crop wastes 
and laboriously gathered faggots, protecting 
themselves from the low temperatures of their 
inadequately heated houses by swathing their 
bodies in layers of wadded cotton clothing. By 
contrast, western Europeans, with a different cul- 
ture, have used more limited and often less de- 
sirable resources of coal effectively in both 
homes and factories for many years. Thus we 
have today various stages of dependence on 
minerals, as influenced by different cultures 
coincident in time, which afford a faudy complete 
picture of the evolution of their use by man. 

Mining and Occupancy of Regions, One result 
of the increasing importance of minerals is that 
the search for new deposits has carried man into 
unexplored regions and added materially to 
knowledge of the earth’s surface. Further, civil- 
ized man establishes settlements wherever dis- 
covery of gold or other precious metals occurs, 
even in the driest of deserts or the frozen wastes 
of the higher latitudes, though he must import his 
food, clothing, building material, and possibly 
even his water. This is indeed a great change from 
the earliest of times, when such areas were 
shunned, except as compulsion forced their 
occupancy. 

Relative Importance of Mining as an Economic 
Activity. The relative importance of mining varies 
not only with the culture of a population group 
but as well with whether areal opportunity is 
diverse or limited. Where diverse, mining is often 
of subordinate importance, even though commer- 
cial deposits of mineral wealth are known and 
worked rather extensively. In a state such as Illi- 
nois, for example, though the value of the annual 
mineral output is approximately $200,000,000, 
mining is an economic activity of only secondary 
importance, being overshadowed by others such 
as agriculture, industry, and trade. In all, this 
activity, mining, affords employment to less 
than 1 per cent of the state s population. There- 
fore, though actually of great importance in 
Illinois, its relative importance is so slight that 
its role as a contributor to the state’s prosperity 
may easily be overlooked. Certainly, the average 
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person seldom thinks of Illinois as a mining 
state. 

By contrast, the state of Nevada is one rela- 
tively Hmited natural opportunity, which restricts 
man’s choice of profitable occupations. Climate 
prevents effective agriculture without irrigation, 
and the amount of water available is too small to 
make it possible to bring more than a small per- 
centage of the land into production. Even the 
opportunity for grazing is slight, for much of 
the state is deseitlike or even true desert, and pas- 
turage is almost everywhere poor. These handi- 
caps to both agriculture and grazing prevent their 
supporting any considerable population in this 
most sparsely populated state in the United 
States. Under such circumstances, though the 
value of the annual mineral production is only 
about $25,000,000, less than 14 per cent of that 
of Illinois, the relative importance of minmg is 
great because other occupations afford such 
limited opportunity that approximately 5 per 
cent of the state’s population turn to that industry 
for employment. Therefore the average person 
tliinks of Nevada as an important minmg state. 

Effects of Position and Physical Conditions of 
the Deposit on Mining. Whether a given mineral 


deposit is of economic value depends not only 
upon its size and degree of concentration, but also 
upon its relation to the strata with which it is 
associated. If the amount of overburden or over- 
lying material is small, mining by stripping or 
removal of the overburden may be possible; if 
the deposit is more deeply buried, a shaft must be 
sunk. This adds to the costs of production. Again, 
if the beds, for example of coal, are very thick 
and it is necessaiy to mine them by underground 
operations, it may be difi&cult to secure adequate 
support for the roofs of the necessary horizontal 
openings or drifts into the deposit. Other factors 
which are likewise often important include the 
extent of fracturing of the seams; the number of 
breaks in their continuity resulting from faulting 
or slipping of the strata along lines of weakness; 
and the amount of water which must be pumped 
to keep the mine dry and permit its working. 
Thus, in some of the coal fields of China, thick- 
ness of the seams is too great for easy mining, in 
otheis, the coal has been badly crushed or shat- 
tered by crustal movement, and many seams are 
discontinuous because of faulting. Elsewhere, 
the mines are wet, necessitating much pumping 
and the burning of coal for that purpose. These 



Fig. 332. Top' Strip-mining of coal in Pike County, southwestern Indiana. In this procedure, the coal is 
worked with steam shovels, which transfer two yards at a time into the cars, run into the open pit or mme 
on tracks. (Courtesy of the U. S, Bureau of Mines.) 


MINING 


conditions decrease the value of such deposits, 
since they interfere with operations and increase 
the costs of production. 

Effects of Location on Mining. Even though 
a deposit is large and of high grade, and physical 
conations are favorable for mining, it often 
cannot be developed profitably because of lack of 
satisfactory transportation, or because of its 
great distance from existing or potential markets. 
This is particularly true for the bulkier minerals, 
or those of low value per ton, but not for others 
such as gold, silver, and platinum, which are of 
such high value per pound that transportation 
charges are of lesser importance. 

Gold Mining in Alaska. Mining in Alaska fur- 
nishes many excellent illustrations of the fact that 
lack of good transportation does not prevent 
exploitation of rich deposits of the precious metals 
such as gold. In some of the operations near 
Valdez, for example, the only access to the work- 
ings by land is by dangerous and difficult trails 
over which it is impossible to move machinery 
except by pack hoises, and at excessive costs 
ranging from 20 to 35 cents a pound. Therefore 
airplanes have been pressed into service but, 
though costs of such transportation are high, the 
value of the product, gold, is so great that profit- 
able production is possible. Even with its present 
inadequate transportation system, Alaska pro- 
duced $23,170,000 worth of gold in 1938, nearly 
90 per cent of the total mineral production of 
the territory in that year. Coal production, by 
contrast, comprised only 3.2 per cent of the value 
of all, about half of that of the small output of 
platinum ores, not of common occurrence. 

Alaska hkewise affords numerous excellent ex- 
amples of the fate which overtakes towns, once 
the valuable mineral resource which supports 
them has been exhausted. Before discovery of 
gold in the Klondike in 1896, for example, the 
only inhabitants of the Lynn Canal area in south- 
eastern Alaska were a few traders, trappers, and 
Indians. With the influx of goldseekers during 
1897-98, Skagway came into existence at the 
place of their debarkation and start on the 500- 
mile long trek to the Klondike. The town became 
much more important after the Whitehorse Pass 
route came into common use, and it likewise 
profited from construction of the rail line of which 
it was the seaboard terminus. By 1898, its popu- 
lation was estimated variously at from 15,000 to 
30,000. With exhaustion of the gold fields upon 
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which its temporary prosperity was based and 
discovery of gold in the beach gravels at Nome 
in 1898, a second stampede occurred and Skag- 
way lost population rapidly. By 1900, there were 
only 3117 inhabitants; by 1910, but 872; at 
present, less than 500. 

Fetroleum and Settlement. Though the pres- 
ent intensive search for petroleum is of recent 
origin, it is prosecuted vigorously, since this 
mineral is one of the most important commodities 
known to civilized man. Advent of its use spelled 
the doom of whale oil as an illuminant; general 
employment of the internal combustion engine 
in automobiles, airplanes, on our farms, by rail 
lines, and in many industrial plants, assured its 
present importance. Search for it has, as a result, 
carried man from the margins of the polar ice 
sheets into the heart of the steaming tropics. 

If discovery of oil occurs in an area with prior 
successful settlement based on agriculture or 
some other economic activity, as in California, 
the new-found wealth adds to local prosperity. 
Even if the pools occur under cities, a forest of 
derricks lises, as in the Los Angeles area. In the 
heart of Oklahoma City, Oklahoma, they domi- 
nate the state capitol itself. To avoid destruction 
of buildings under such conditions, the walls 
are drilled at a slant, so that recovery of the oil 
does not disturb either the buildings or the 
normal activities they accommodate. 

By contrast, if discovery occurs in a region of 
limited opportunity and sparse population, as 
in many of the poorer agricultural areas of the 
southwest, in Texas and Oklahoma, change is 
great during the period of drilling and flow of the 
wells. Movements to many such oil fields are fully 
equal to the most frenzied of gold rushes. Con- 
verging roads are cluttered with trucks loaded 
with pipe and oil rigs; burdened with building 
material to erect permanent structures to replace 
the tent cities which spring up almost overnight 
after each new discovery; and choked with people 
moving in to take advantage of fancied oppor- 
tunity. 

During the early history of such boom towns, 
prices are fantastically high. At such times, coffee 
has been reported to have sold at 50 cents a cup, 
and cot space in a henhouse to have rented for 
$130 per month. In these communities, almost 
everyone is hopeful of a lucky strike which will 
make him wealthy, though such expectations 
are seldom realized. After a time, settlement as- 




Fig. 333. Top A maze of oil derricks, Signal Hill, about 2% miles northeast of Long Beach, 
southern California. Gas compressor plant in the right foreground 

Middle- Drilling for oil at the ocean^s edge, Huntington Beach, near Los Angeles, California. Such 
a large number of wells represents both excessive, unjustified expenditures for production and wasteful 
exploitation (Courtesy of the U S. Bureau of Mines.) 

Bottom: At Summerland, near Santa Barbara, California. Not only do wells line the shore, but 
drilling operations have been extended to the ocean bottom. 
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sumes some stability, a condition it maintains only 
while the wells yield their "^black gold.” There- 
after, decay is generally rapid, for often no basis 
for permanent support remains. Then the oil men 
and their rigs move on to other sites where the 
same succession of events will occur. Thus the 
progress of drilling in the United States is marked 
by relics of boom exploitation in many localities. 

In the Cumberland Plateau, for example, dis- 
covery of oil in areas where subsistence agricul- 
ture was the basis for support caused displace- 
ment of the farmeis, who sold their land for rela- 
tively small amounts. Then the drilleis came in, 
put down wells, and the area hummed with 
activity for a few years while the wells were pro- 
ductive. When their flow stopped and pumping 
became unprofitable, the oil men abandoned the 
area, but the farmers did not return. The mineral 
wealth produced neither remained in the area 
nor benefited it appreciably. Today, these areas 
are even poorer than before invasion by the 
drillers, and often practically without inhabitants. 

Coal-mining Communities. Coal-mining com- 
munities are much more stable than those whose 
economy is based on petroleum, for the life of the 
mineral resource which affords the basis for their 
existence is commonly much longer and there- 
fore the inevitable collapse with termination of 
mining operations is longer deferred. Some, in- 
deed, may persist for many years, with wise 


management, for the amount ot coal available 
may be enormous and the rate of its removal slow. 
There are several areas in the United States 
where mining of coal affords the principal basis 
for support. Fiom one of these, located in the 
Cumberland Plateau of eastern Kentucky, two 
communities, one supported by several small 
workings, the other by a single large mine, will 
be described briefly to illustrate what such settle- 
ments are like. 

Hazard, a Coal-mining Community. Hazard 
is located on the North Fork of the Kentucky 
River, in the heart of the Kentucky Mountains, 
in this locality a maze of ridges and valleys 
ti ending in many different directions, with only 
limited amounts of flat land along the stream 
courses, and ridge tops so narrow that they sup- 
port no population. Roads therefore follow the 
creeks and, where the valleys are narrow, they 
may even occupy their beds. Earlier, the popula- 
tion was supported by hunting, fishing, and 
limited agriculture, later, by agriculture and 
lumbering. But with rail construction, coal mining 
has become important and supplanted agricul- 
ture as the major economic activity in those val- 
leys focusing on Hazard, Perry County, where 
rail lines permit economic exploitation of the re- 
serves of high-grade coal. Supported by this new 
activity in the tributary valleys, Hazard has 
grown from a collection of a few houses to a flour- 



Tj j storage and loading equipment of a small mine near the mouth of Messer Branch, near 

Kentucky. To the right and m the distance are some of the miners’ houses, 
arranged in linear fashion on the limited flat land bordering the creek. 



Fig 335. Top. General view of a mining camp on Messer Branch, with the houses located on the lower 
slopes of the valley. 

Bottom: Messer Branch mining camp in August, with hogs feeding on household refuse thrown in the 
street. These scavengers provide the only means for disposing of such wastes. 


ishing population center with more than 6000 One of these valleys is that of Messer Branch, 
inhabitants, as contrasted with less than 600 in a small north-flowing tributary of the North Fork 
1910, before coal mining became important. of the Kentucky River. Its penetration for a shoit 
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distance by a spur of the main rail line has per- 
mitted mining to displace the older, less profit- 
able agricultural and other use of the land in the 
lower valley, though beyond the point to which 
the rail spur penetrates, earlier uses of the land 
still persist. The mines are all small; some are 
no more than farmer diggings. Occupancy and 
the associated living conditions, heie as else- 
where in the coal-mining area tributary to Haz- 
ard, reflect that fact. 

The developments are simple drifts into the 
hillsides, for the beds of coal, exposed on the 
slopes by the erosional processes which formed 
the valleys, are horizontal. Mining is therefore 
simple, the coal sliding by gravity from the mine 
mouth far up the hillside to the tipple, later to 
be loaded into cars. Then it moves down grade 
by rail to markets west of the mountains. 

The miners^ houses are confined to the valley 
floor and the bordering lower slopes, therefore 
settlement is linear in character. In distant view, 
these mining camps may appear neither unat- 
tractive nor depressing but, on closer inspection, 
the impression gained is different. Where the 
small developments are numerous and the mines 
are close together, the crowding which ensues 
often leads to very unsatisfactory living condi- 
tions. On the flat land along the branch, it elimi- 
nates the possibility of gardens and intensifies the 
problems of sanitation. Where the houses spread 
over the hillside, as shown in Fig. 335, they may 
be without adequate approaches, for construc- 
tion of streets, except on the flat land near the 
branch, is difficult and expensive. 

Houses parallel the railroad tracks, which fol- 
low the creek. Thus to the clatter and dust of the 
coal in the tipple are added the noise and smoke 
of the trains. Tin cans, garbage, and refuse of 
all kinds are dumped in the street and many of 
the houses are without toilets of any sort; others 
have filthy vault privies. There are no sidewalks; 
after a heavy rain one must step cautiously from 
stone to stone, over pools of filth. The stream, 
which flows intermittently, is an open sewer. 
Therefore on a hot summer day the stench is 
almost intolerable. Pigs, cows, and chickens roam 
the streets and both pigs and chickens have the 
run of the houses as well. A typical street of this 
character is shown in Fig. 335. 

The houses, owned by the mining companies, 
are generally rectangular, one-story, two or four- 
room frame structures set on posts, with small 
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porches across the front. They are usually un- 
plastered and often unpainted, but generally 
wired for electric lights. Rents aie noimally about 
$2,00 per month per room, which includes fuel 
and light, the heat being supplied by a fireplace, 
supplemented by a coal-burning range. 

Few of the houses are screened and no sanitary 
precautions are observed in many of the camps. 
Flies, which breed in the garbage and other filth, 
constitute an ever-present menace during hot 
weather and the frequently contaminated water 
supply adds to the danger of disease, since wells 
are seldom protected from pollution and the same 
is true for the springs which furnish most of the 
W’ater for domestic use. The preceding picture 
of average living conditions in the smaller camps 
is in no way ovei drawn, but to improve them 
will be difficult, for the operators of the smaller 
mines can hardly incur the expense necessary. 
Further, the fault does not lie entirely with the 
mining companies for, when attempts are made 
to improve sanitary conditions, passive if not 
active opposition is often encountered from the 
miners and their families. 

LuncK a Lar^e -scale Coal-mining Camp^ 
Lynch is a linear mining camp in Harlan County, 
eastern Kentucky, located on the nairow bottoms 
of Looney Creek, between two spurs of Big Black 
Mountain. Earlier, this valley was occupied by a 
few poor farms, similar to those characteristic 
throughout those portions of the Kentucky Moun- 
tains not invaded by rail lines. Today, coal min- 
ing has replaced agriculture completely in the 
vicinity of Lynch, so that wheie formerly only 
a few scattered farmhouses were located, there is 
now a flourishing community of at least 2000 
inhabitants. By contrast with Hazard, however. 
Lynch is supported by one large mine operated 
by the United States Steel Corporation. Here, 
large-scale development conserves the resource 
as well as decreases the costs of mining, a great 
contrast to the inefficient and wasteful operations 
of most of the small-scale mines of the Hazard 
area, many of which can be worked at a profit 
only when coal is high in price. Other similarly 
large mines at Jenkins and Benham, operated by 
the Consolidated Coal Company and the Inter- 
national Harvester Company respectively, sup- 
port communities similar to that at Lynch. 

Lynch is an attractive coal-mining camp. The 
hotel, churches, hospital, commissary, post office, 
and other major buildings are substantial struc- 
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Fig. 336. Top, The million dollar tipple at Lynch, Harlan County, Kentucky. 
Bottom: Some of the miners' homes at Lynch, Kentucky. 


tures, many of brick or stone construction, and sanitary toilets. Yards are of fair size and 
Houses, though small, are neat and in good re- architecture is sufficiently varied to avoid undue 
pair, painted, electrically lighted, connected with monotony. Streets are paved and well lighted and 
a sewer system, and provided with running water grades are moderate. Green lawns and flowers are 
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common and add to the pleasing appearance of 
the community. Conditions in all the larger camps 
are much like those at Lynch, and most of them 
are provided with recreation grounds and ball 
parks. 

Garbage is removed and the attempt is made, 
rather successfully, to keep pigs out of the street 
and livestock of all kinds out of the houses. This 
is accomplished by company ownership and 
policing of the piemises. The water for all these 
larger camps is piped from deep wells, large 
springs, or some other satisfactory somrce of 
supply. At Stearns, in McCreary County, con- 
densed steam is used. In all cases, it is safe to 
drink. School buildings in the larger camps are 
good; the school year is of fair length; and in- 
sti*uction is much above the average for eastern 
Kentucky. This is in part because the teachers 
can secure satisfactory accommodations in com- 
pany hotels and clubhouses, so that it is possible 
to attract competent instructors. 

It will have been noted that there are marked 
contrasts in living conditions in coal-minmg 
camps. They are at their worst where numerous 
small mines crowd one another, so that sanitary 
conditions become unsatisfactory, they are at 
their best in the larger, more efBciently operated 
camps, where effective extraction of coal is the 
common practice. To improve conditions in the 
smaller camps will be difficult and perhaps im- 
possible because of the chronic financial em- 
barrassment of all the small companies, and lack 
of cooperation by the workers. In all, howevei, 
defacement by mining, accumulation of mine 
wastes, and pollution of surface waters is inevit- 
able. Therefore, over any extended period of 
time, all coal-mining communities become at least 
relatively unattractive in appearance. 

Htbbing, an Iron-mining Community of the 
Mesahi Iron Range, Minnesota, The world’s most 
important occurrences of iron ores are those of the 
Lake Superior region, among which the deposits 
of the Mesabi range in northern Minnesota are 
the most extensive, valuable, and productive. 
Hibbing, a mining community in western St. 
Louis county, is located in the heart of this range, 
which extends for more than 100 miles in a gen- 
eral east-west direction across Cass and St. Louis 
counties. Its stoiy is that of a hole in the ground: 
the Hull-Rust mine and the associated workings, 
for from this yawning cut has come the wealth 
which made Hibbing and affords its present sup- 
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poit. But as the mine pit grows in size and the 
ore flows steadily down the slope to Duluth, the 
future of this community appears far from 
promising, despite its present prosperity. 

The valuable ore bodies in the ferruginous or 
iron-bearing, sedimentaiy formations of the 
Mesabi were formed by weathering and removal 
of silica and other somewhat soluble compounds 
by leaching, which produced local residual con- 
centrations of the less soluble iron oxides, the 
soft and porous ores of very high iron content 
characteristic of the most easily worked deposits. 
Because there has been little if any disturbance 
of the strata subsequent to formation of the ore 
bodies, they are near the surface. This makes 
them particularly valuable by simplifying their 
mining, in many places possible by open-pit 
operations where the amount of overburden is 
small. This great advantage is supplemented by 
the possibility of gravity haul to Duluth, where 
very effective handling equipment and cheap 
water transportation to the smelters await them. 
It is this unusual combination of easily mined, 
high-grade ores, and other favorable conditions, 
including specialized cargo carriers and cheap 
water transportation to market, which has led 
to the extensive development of mining opera- 
tions which support the towns of the Mesabi 
Range, including Hibbing. 

Though the occurrence of iron ore near Gun- 
flint Lake in northeastern Minnesota was re- 
ported as early as 1850, and the deposits of the 
Vermilion and Mesabi ranges were known by 
1866, it is not remarkable that these deposits did 
not assume importance until later, for explora- 
tion, discovery, and development were difficult in 
this rough, barren, rock-strewn wilderness, where 
the tortured roots of ancient mountains form the 
surface and many swamps and dense growths of 
timber impose additional obstacles. With com- 
pletion of the first rail line to the Mesabi m 1892, 
ore began to be shipped and, by early in 1895, 
it began to move from the Hibbing district. 
These ores were so different from anything found 
earlier that there was some doubt as to their value 
and at first the smelters objected to them. Further, 
the quantities were so enormous it was feared 
placing them on the market would depress prices 
to a point where all profit would disappear. 

The first mines were developed by individuals 
with little capital, and the ore bodies were cut 
up into many small holdings. The ensuing cut- 
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Fig. 337. Map to show the location of the Iron Ranges of Minnesota, some of the mining towns and 
their rail lines. 


throat competition forced selective mining, or the present Hull-Rust-Mahoning property, the 
utilization of only the highest grade ores and world’s largest open-pit iron mine, was started, 
enormous waste of those of lower iron content. The first stripping was by hand shovels and 
By 1900, it was apparent that the only hope of wagons, but these were soon displaced by small 
prosperity for the operators and the community steam shovels and horse-drawn dump cars, 
was extensive consolidation. This was accom- shortly to be replaced in their turn by larger 
plished in 1901, at which time the United States steam shovels and trains hauled by locomotives. 
Steel Company took over the mines through one But even this equipment was soon out of date and 
of its subsidiaries. Since that date, there has been much larger shovels, some capable of handling 
an orderly and systematic development of the 6 to 9 cubic yards at a time, were installed. By 
deposits and mining has been carried on eco- late in 1917, this improved equipment made 
nomically and with a view to maximum recovery possible the mining and shipment of 1400 loaded 
and utilization of all commercial ore. ore cars each day during the height of the season. 

The first producing mines were underground Steadily mounting wages for labor have been 
workings, but open-pit operations began shortly offset by an ever-increasing and more effective 
thereafter for, by early 1895, development of mechanization of mining operations. Shovels no 







Fig. 338 A portion of the Hull-Rust-Mahonmg Mine, the largest open-pit iron mine in the world, 
Hibbing, Minnesota The 350-ton shovel, purchased in 1923 and originally operated by steam, but now 
electrically powered, has a bucket which will handle 16 tons of iron ore. (Courtesy of the Hibbing Tourist 
and Information Bureau. ) 


longer move on fixed tracks, but are mounted on 
caterpillars. This gives them greater flexibility 
in use. Further, most of them are now electrically 
operated, for with iron miners and other workers 
demanding and receiving higher wages, use of 
steam shovels became too expensive. There has 
likewise been a steady increase in the size of the 
units of the mechanical equipment. Most of the 
dippers on the new shovels, for example, will 
handle 5 cubic yards, or as much as 16 tons, of 
iron ore, trains of ore cars operating in the mines 
are made up of 15 or more cars, with a total 
capacity of at least 750 tons of ore, and these 
are hauled by locomotives weighing 127 tons. 
The most recent development has been the in- 
stallation of Diesel-powered tractors. But for this 
extensive use of machinery in mining, production 
would be smaller and steel would be higher in 
price. Thus the change in practices has been 
beneficial to the consumer. 

Hibbing, the iron capital of the world, grew 
up around the Hull-Rust-Mahoning mine from 


which a total of more than 100,000,000 tons of 
ore have been taken, and from the entire pit, 
nearly 275,000,000 tons. This pit is 2/^ miles 
long, /2 to 1 mile in width, and somewhat more 
than 350 feet in maximum depth. It covers 100 
acres and contains a total of 70 miles of railroad 
track. On this huge development depends the 
prosperity of Hibbing, within the corporate limits 
of which it is located. 

The original town of Hibbing was a typical 
northern Minnesota pioneer settlement, charac- 
terized by unattractive buildings, mostly of frame 
construction. When mining operations expanded 
to the extent that the pit surrounded the north 
part of the village on three sides, the mining 
company purchased the 40 acres threatened and 
moved many of the buildings IM miles south to 
the townsite of Alice, a thriving suburb of Hib- 
bing. This transfer, started in 1918, was com- 
pleted by 1921. The earlier growth of Hibbing 
was rapid. By 1900, the 1895 population of 1085 
had increased to 2481, by 1910, to 8832, and by 
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1920, to 15,089. Since then, growth has not been 
spectacular, for there have been no new develop- 
ments and increasing mechanization of the oper- 
ations has held down employment, even when 
the output of ore has soared. Therefore the 1930 
population was but 15,666, and that of 1940, 
only 16,385. Hereafter, no considerable increase 
may be expected, but rather a decrease, with 
exhaustion of the iron ore. 

During the pioneer stage of its development, 
the population of Hibbing, like that of other 
young mining towns, was predominantly male, 
and the percentage of its inhabitants in the 
middle-age groups was disproportionately high. 
During this same period as well, when the mines 
were operated by local owners with small capital, 
and their success was uncertain, the amount of 
taxable wealth was small, and thrift, conserva- 
tism, and efficient management of pubhc funds, 
imposed by necessity, were the rule. 


With the success of mining assured, the pioneer 
stage of development disappeared, settlement 
assumed an appearance of stability, and popula- 
tion became more normal in composition. Then 
the mines were purchased by the United States 
Steel Company, a great corporation. When this 
occurred, community thiift disappeared. Enor- 
mous sums were spent for public works and 
paternalism characterized the administration of 
public affairs, all at the expense of the ‘‘soulless 
corporation.” The question for many years has 
not been the necessity for any given public serv- 
ice or improvement, but the maximum tax possi- 
ble to impose on the company, for that alone 
placed a limitation on expenditures. The voters 
have thought of the ii on-ore resource as some- 
thing to be dissipated to purchase temporary per- 
sonal benefit. Most of them could not and many 
still cannot conceive of any mutual advantages 
accruing to both the corporation and themselves 
from a proper division of profits, if any, and 
development of the mineral wealth without 
waste, with a view to prolonging the years of 
existence of Hibbing. 

This condition has persisted for many years, 
but a belated awakening to realities is now begin- 
ning, though unfortunately not always in the 
mining communities themselves. There, the view 
still all too commonly held is that the iion ore 
is a purely local resource, to be administered 
with as little profit as possible allowed the mining 
companies, the maximum of individual benefit 
for the residents of the local communities, not 
the state, and without any great amount of 
thought given to the future. 

This situation is disturbing. Since 1915, 
shipments of high-grade ores have exceeded 
discoveries and since 1920 screening and bene- 
ficiation of ores have been common. In 1942, 
concentrates comprised 23.9 per cent of all ore 
slupments. This indicates that the life of the bet- 
ter ores is limited. In fact, 50 per cent of all the 
high-grade ores had been exhausted by the 50 
years of mining before the outbreak of the war. 
During the past few years, with war needs para- 
mount, the drain on the remaining tonnage has 
been so unprecedently great that today not to ex- 
ceed one-third of the original reserve remains. 
Even before the war, the life of the resource was 
estimated to be not to exceed 20 to 30 years; to- 
day, it is much less, with probably not more than 
10 to 12 years of high-tonnage production. This 





Fig. 341. Hibbmg High School and Junior College. This structure, with an attached garage and 
athletic field, covers four city blocks; the mam building alone, 416 feet across its front, covers 7 acres. 
With a 60-foot wide, theatrically equipped stage, and an auditorium which seats 1822 persons, this school 
accommodates 2200 students and offers instruction ranging from the kindergarten through the first two 
years of college work. Completely equipped with swimming pools, gymnasia, and all else money can buy, 
it is the show educational plant of this part of the world. ( Courtesy of the Hibbing Tourist and Information 
Bureau. ) 
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raises the question as to the future of Hibbing 
when all the ore has been mined. This is a non- 
agricultural legion; the commercial timber has 
virtually all been cut; the last of the iron ore is 
being mined. What will happen when the mines 
pull out^ 

The only possibility of any considerable ex- 
tension of the life of iron mining in the Mesabi 
Range is utilization of the enormous reserves 
of taconite, low-grade deposits containing 20 to 
35 per cent iron. The steel companies are in- 
terested in this possibility, it is true, but they 
are likewise investigating the ore resources of 
other countries, particularly those of Labrador 
and Brazil, where billions of tons of high-grade 
ores which can be mined cheaply are available. 
For this reason, the future of iron mining in 
Minnesota, and that of Hibbing as well, will de- 
pend in considerable part on tax policies. 

Some Recent Developments in the Mining 
Industries, In addition to such spectacular de- 
velopments as the great access of importance to 
certain deposits of uranium ores used in manu- 


facture of the atomic bomb, there have been 
others, especially in the U.S.S.R., and particu- 
larly to the east of the Urals, which have not 
attracted the popular attention they deserve. 

Even though available estimates may not be 
entirely reliable, it is now virtually assured that 
the U S.S.R. ranks second only to the United 
States in mineral wealth. This is almost certainly 
true as regards coal, 90 per cent of which is in 
Siberia. There, in the Kunetz Field alone, and this 
IS only one of five important producing areas, 
the bituminous reserves are more than 450,000,- 
000,000 tons, equaling those of our Appalachian 
Field, and annual production exceeds 20,000,000 
tons even now. Siberia likewise has large amounts 
of iron ore, some manganese and copper, much 
lead and zinc, and valuable gold occurrences. 
Further, though much prospecting still remains 
to be done, the known mineral resources are 
suflScient to make their present and potential 
impact on world affairs of great importance. 

Mining and the Conservation of Mineral 
Wealth, In consideration of the fact that mineral 





Fig. 342. Mechanized loading equipment of a U.S.S.R. coal mine in the Ukraine. This extensive use 
of mechanized equipment is typical of recent mining operations in tlie Soviet Union. (Courtesy of Sovfoto.) 
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wealth is an irreplaceable national heritage, be- 
cause the processes which operate to produce 
commercial concentrations of minerals work 
much too slowly to ofFset the drains resulting from 
man’s demands on the deposits stored during 
past geological time, it is desirable that conserva- 
tive practices should be followed in their mining 
and use so that the date when substitutes must 
serve may be deferred as long as possible. Such 
conservative practices in extraction and utiliza- 
tion became more necessaiy each year, for the 
volume in which minerals are used mounts yearly 
with discovery of new uses for all, and uses for 
some not formerly considered of value, accom- 
panying our steadily rising standards of living. 

The various recommendations to accomplish 
these ends, made at different times and by many 
individuals, fall into two groups, as follows. (1) 
suggestions for economical recovery in mining 
operations, and (2) plans to assure efficient dis- 
tribution and use of minerals. 

By "‘economical recovery” is meant mining at 
minimum expense, so that cost of the product to 
the consumer may be held at the lowest possible 
figure compatible with essentially complete re- 
covery of commercial deposits. Such recovery 
is advantageous in conserving the resource be- 
cause it eliminates the necessity for selective min- 
ing, or use of only the highest grade deposits to 
operate at a profit. At present, much mining, 
particularly in the small-scale operations, is ex- 
tremely expensive and possible only under 
favoring conditions of deposit and market. It is 
probable that such operations should be elimi- 
nated completely. 

In mining, it is desirable to remove as much 
of the mineral wealth as possible at the time of the 
initial exploitation of the deposit. Otherwise, 
future recovery of what remains will always be 
difficult and may even be impossible. In a coal 
mine, for example, the coal not recovered during 
the first working of the deposit probably cannot 
be removed at some subsequent date, for the 
mine may fill with water and shattering of the 
seams and crashing of the coal are common when 
a shaft is abandoned and the strata settle. Even if 
the old workings can be reopened and the re- 
mainder of the coal mined, the costs of operation 
axe increased greatly. After the coal has been 
brought to the surface, it is also important that it 
be handled without undue waste, though this is 
not always done. For example, in substituting 


wet-jigging for hand picking because it was 
cheaper and yielded temporarily higher returns, 
the Pennsylvania anthracite industry has tlirown 
away 500,000 tons of coal annually and, as a by- 
product, plugged the lower 150 miles of the 
Schuylkill River with coal dust during the past 
50 years. This is not only a waste of coal but detri- 
mental in other respects as well. 

Efficient distiibution and use of minerals are 
also fundamental in any wise utilization of our 
mineral heritage. For example, shipping coal or- 
dinarily involves burning coal as fuel or, if not, 
at least use of some other source of power which 
could be employed to better advantage than for 
moving coal an unnecessary distance to market 
Efficiency in the use of minerals is obviously eco- 
nomical of the resource and of assistance in 
prolonging the life of these irreplaceable deposits 
to the maximum. 

If we plan wisely and use our mineral resources 
intelligently, there is no reason for undue appre- 
hension concerning their future exhaustion. 
Otherwise, the outlook for the future is not 
promising, for our present civihzation is based on 
the use of minerals; without them, it would be 
impossible, for we have no satisfactory substi- 
tutes. To entrust development and use of a nat- 
ural heritage such as mineral wealth entirely 
to unregulated individual initiative is probably 
unwise, in view of the well-known proclivity of 
each individual to think in terms of his own 
immediate self-interest. This is not confined to 
those who exploit the minerals, but extends to 
those who exploit the producers as well, evi- 
denced by the situation which exists in many 
mining commimities. In the public interest, 
therefore, the regulation of mining and use of 
minerals should be entrusted to those whose in- 
terests are sufficiently removed to make them 
approach the problem as objectively and realisti- 
cally as possible. Certainly it is true that mineral 
wealth should be administered as a public trust, 
not as the private possession either of some 
individual or of a given interested local com- 
munity, for this lesson is one which all should be 
able to read from the experience of the past. 

To ensure prosperity in peacetime and security 
in times of national emergencies, therefore, meas- 
ures should be taken to protect the public in- 
terest. These would not involve nationalization of 
mining, but only regulation of operations as car- 
ried on by private enterprise. 
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QUESTIONS AND EXERCISES 


1. Under what conditions will commercial concen- 
trations of mineral wealth occur ^ Fiom what 
two types of parent material are such deposits 
derived^ Illustrate by examples 

2. In what fundamental respects do mineial de- 
posits differ from most other natural resouices? 
How would their exhaustion affect man^ 

3. How have both the actual and relative im- 
portance of mining varied with time^ Why? 
How does the culture of a population group af- 
fect the importance of mining'^ Illustrate by 
examples. 

4. How has the search for minerals added to our 
knowledge of the earth’s surface^ Illustrate by 
examples. 

5. Compare the relative importance of mining in 
Illinois and Nevada Why the difference? 

6. Describe the effects of physical conditions of 
the strata and the location of mineral deposits 
on tlie values of different types of mineral de- 
posits. 

7. How does discovery of petroleum affect areas 
of different types? Has such discovery always 
benefited areas permanently^ Illustrate by ex- 
amples. 

8. Contrast the different types of coal-mining com- 
munities in the Cumberland Plateau of Ken- 
tucky. Why do conditions vary so greatly from 
place to place? What does this indicate as to de- 
sirable mining operations? 


9. What foitunate combination of conditions makes 
the non-ore deposits of the Lake Superior dis- 
trict so important^ 

10. Desciibe mining operations in the Mesabi Range 
and the changes which have occurred since the 
mines began production. 

11. Describe the rise of Hibbing, the "Iron Capital” 
of the world 

12. What IS the attitude of the Hibbing community 
with reference to the mines, and in what respects 
is this unfortunate^ 

13. What does the future hold for Hibbmg with ex- 
haustion of the high-grade ores? How long be- 
fore this exhaustion will occur? 

14. What is ""tacomte”^ Under what conditions will 
its use be possible to prolong the life of the 
iron-mming industry in the Lake Supeiior re- 
gion? 

15 What recent developments in the mining indus- 
tiy piomise to have marked effects on world 
affairs? 

16 In what ways have we used our mineral re- 
sources unwisely up to the present^ Illustrate by 
examples. 

17. Why is it especially desirable to use our mineral 
resources wisely and what steps should be taken 
to ensure such use? 

18. Why should formulation of a policy of use of 
mineral resources not be left to individual initia- 
tive? 
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chapter Thirty -Six 
FISHING AND SEA HUNTING 


The Waters as a Source of Food and Other 
Products The animal hfe of the waters, both 
fresh and salt, affords an obvious source of food 
and other products of value to man. Therefore 
fishing and sea hunting have long been economic 
activities of variable importance m all latitudes, 
wherever rivers, lakes, or bodies of salt water 
have afforded an oppoitunity for such pursuits. 
Today, for example, the Fang and many other less 
advanced populations of the tropics depend on 
fishing to supply some of their food, and the 
Eskimo of the Arctic and other piimitive inhabi- 
tants of the higher latitudes of both the Northern 
and Southern hemispheres turn to the sea for part 
or even most of their support. This was equally 
true for primitive peoples of prehistoric times, 
for whom we have no lecords except such as have 
been deciphered from the midden or piles of 
refuse about man's former camps. These activi- 
ties of backward populations of the present do not 
normally contribute to commerce but serve only 
to afford partial or complete suppoit for rela- 
tively small numbers; only among groups which 
have made considerable advance do either fish- 
ing or sea hunting assume important commercial 
significance. 

It is, of course, not necessary to turn to areas 
of limited opportunity in low and high latitudes 
to find examples of primitive fishing populations, 
for many of the Indian tribes of the Pacific Coast 
of North America, from Oregon north to Alaska, 
have long been fisheaters, dependent largely on 
sahnon for food. Thus Lewis and Clark reported 
native fishing in the Columbia and its tributaries 
in 1805-06, and use of fish, fresh, cured, and in 
the form of pemmican, or dried, pulverized, and 
packed in sacks, as the principal food of an esti- 
maied 50,000 Chinook and other Indians in the 
area they visited. Today, farther to the north. 


some such groups have even embarked on com- 
mercial fishing for support, as at Metlakatala, 
a model Indian village near Prince Rupert, Can- 
ada, where a modern cannery permits prepara- 
tion of the catch for market. Some of the villages 
of these fishing populations, located on streams 
up wLich salmon runs occur, have attracted much 
attention because of their remarkable totem 
poles: 25 to 50-foot high, elaborately carved 
armorial monuments of their owners. One such 
50-foot pole, removed from its original site, now 
adorns Pioneer Square in downtown Seattle, a 
fitting monument to the importance of salmon in 
the Puget Sound country. A typical Indian fishing 
village of this type is that of Kitwanga, on the 
north bank of the Skeena River, 150 miles inland 
from the Pacific. There the salmon, revered 
properly as the major source of support, is abun- 
dant m this Indian Garden of Eden, that “Good 
Land of the Old," where the “sun laughs in joy" 
at the abundance of nature. 

Location and Extent of Commercial Ocean 
Fisheries. The extent of the oceans is great, but 
that of their important fishing grounds is much 
more restricted, for areas where commercial 
catches of valuable food fish may be secured are 
limited to a relatively few localities with excep- 
tionally favorable natural conditions. Thus, ex- 
cept for specialized types of fishing, such as for 
coral, shell, pearls, and sponges, important com- 
mercial fisheries are lacking in the tropics, for 
though the warm oceans teem with life, including 
many bright-colored fish, the valuable food fishes 
of commerce live only in the colder waters of 
intermediate and higher latitudes. Again, com- 
mercial fishing is possible only where food supply 
for the fish is abundant. Thus zones of contact 
of warm and cold currents, which occur in com- 
bination with other favoring conditions only in 
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Fig. 343. Kitwanga totem poles, brightly painted and elaborately carved with the “crests” of the 
owners and the animals or “totems” believed to be the ancestors or guardians of the families, together with 
symbolic references to incidents of the family history. Thus one at Kitwanga, among otlier facts, commem- 
orates the tradition that a former chief, dragged from his canoe and carried to the "salmon town ’ by a giant 
dog salmon he had speared, became so familiar with the habits of the salmon that, after his return to Kit- 
wanga, he was able to catch tliem at will. (Courtesy of the Canadian National Railways.) 
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the Northern Hemisphere, are localities where 
commercial fisheries with a catch of considerable 
value for human food have developed. In addi- 
tion, the important food fish are confined to shal- 
low coastal waters or to those portions of the 
ocean where shallows or banks occur. Therefore 
the great fishing grounds of the world are in such 
localities, wherever ocean temperatures are like- 
wise favoiable. This is mostly in middle latitudes 
or on the margins of the polar seas. These are the 
great fishing grounds of the Noith Atlantic and 
the Noith Pacific, where practically all the food 
fish which enter into world trade are taken. 

The value of the catch of the fisheries of the 
world is small by comparison with the returns 
from many of man's economic activities on the 
land, the average annual total of about $700,- 
000,000 being less than that of a single important 
crop such as corn or cotton. Further, though the 
industry is widespread, both its actual and rela- 
tive importance are limited, except in a few 
locahties These m general tend to be those parts 
of the world where the land offers so little oppor- 
tunity that, though fishing involves a life of hard- 
ship and danger, with uncertain and often 
unsatisfactory returns, it presents the most effec- 
tive means of obtammg a livelihood available. 
Nevertheless, the great fishing grounds are im- 
portant, for they not only serve to support con- 
siderable populations but they also furnish 
valuable training schools for mariners, which is 
of benefit to the world as a whole. 

The world's important fisheries are of three 
general types: (1) inshore, (2) pelagic, and (3) 
demersal. The inshore fisheries, with which may 
be included those of the lower stretches of the 
larger rivers, operate in shallow coastal and fresh 
waters with small boats. Included in their catch, 
in addition to fish pioper, are various crustaceans 
such as crabs and lobsters, and shellfish such as 
oysters. Pelagic fishing is prosecuted far from land 
and larger boats are employed, but the catch is 
confined to fish which live near the surface, with 
herring and mackerel making up most of the 
haul. Demersal fisheries, confined to shallow 
waters over banks and shoals, depend upon such 
fish as cod, halibut, haddock, hake, sole, and other 
bottom feeders Therefore the equipment used is 
different in character from that employed to 
catch fish which live closer to the surface. 

Fisheries of the Tropics. Fish form an impor- 
tant item of the diet in many tropical countries. 


Among some native populations, the demand is 
met by local fisheries, but where agriculture is the 
dominant economic activity, import may be 
necessary. In places, however, as in Java, there 
is likewise considerable fish culture in shallow, 
brackish, semiartificial ponds along the coast; in 
artificial ponds inland, and as a second crop on 
the flooded paddies. The same is also true in parts 
of South China. 

In addition to catches of food fish, relatively 
unimportant in the lower latitudes except as they 
supplement the food supply of less advanced 
native populations of these warmer parts of the 
earth, the seas of the tropics support important 
coral, shell, and pearl fisheries, and, in limited 
areas, sponging. Off Florida, for example, 
sponges grow on the bottom where the water is 
shallow over reefs. These marine products are 
harvested by both diving and hooking, in waters 
which range up to depths of as much as 60 feet, 
though most of the operations are carried on in 
waters from 6 to 15 feet deep. Where the water 
is shallow, the sponges are gathered largely by 
hooking; where deepei, generally by diving. The 
Key West fisheries use the sponge hook exclu- 
sively. After the sponges have been collected, 
they are cleaned by maceration and washing, 
which removes the organic material, for the 
sponge of commerce is merely the '‘skeleton” in 
which the animal lives. Fishing for pearls, an- 
other industry of tropical seas, is a very ancient 
activity, prosecuted as early as the times of the 
Ptolemies in the Red Sea, though now unimpor- 
tant there. In ancient times, pearls were likewise 
obtained from both the Persian Gulf and the 
seas bordering India, where fisheries still exist. 
In the Persian Gulf, these are today most impor- 
tant near the island of Bahrein, in India, off Cey- 
lon, with a secondary center near Karachi. In 
the important Ceylon fisheries, operated under 
governmental supervision, the pearls are obtained 
by divers who work a few weeks each spring. 
Pearl fisheries are likewise of some importance 
in many waters off southeastern Asia, in the Sulu 
Archipelago, and off many of the South Sea 
islands. Pearls are also obtained from Australian 
waters, on both the east and west coasts. There 
are likewise fisheries in the Western Hemisphere, 
in the Gulf of California, and in limited areas 
to its south. Except off eastern Australia, the pearl 
oysters are harvested by divers, there they are 
obtained by dredging. 
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Fig, 344. Important fishing grounds of the world 


Sea Hunting in Polar Seas, The important 
“catch” in the seas of polar areas is not of fish but 
largely of mammals which live m the water and 
feed on sea life, some on forms almost microscopic 
in size, others on larger living organisms. The 
animals taken include whales, fur seals, hair seals, 
and wahus. Therefore the activity is sea hunting 
rather than fishing. 

Before petroleum came into common use, or 
before the days of the kerosene lamp and the even 
more important internal combustion engine, 
whale oil was employed for many purposes, in- 
cluding illumination and lubrication. During this 
period, which lasted until late in the nineteenth 
century, whaling was an important industry in 
the Arctic. Even toward its close, though whale 
oil was in less demand, the uses for whalebone 
or baleen, today largely replaced by substitutes 
or not in use for the earlier purposes, still per- 
sisted, and, selling as it did at certain times as 
high as $10,000 a ton, trips of the whalers were 
often very lucrative. Occasionally, too, a lucky 
find of ambergris, used in the manufacture of 
perfume, either afloat or in a diseased whale, 
made a single voyage so profitable as to assure 
wealth to the fortunate vessel owner and a com- 
petence to the crew. Today, the whaling industry 
is unimportant in the Arctic, partly because 
whales have become virtually extinct in its waters. 
However, it still flourishes in the Antarctic. There, 
use of larger vessels, plus new methods of killing 


and handling of the blubber and meat in floating 
factories, a continuing though limited demand 
for the products, and the fact that a few whales 
still remain, have caused the industry to survive 
Even in the Antarctic, however, the industry 
becomes less profitable each year, and, since 
the peak production of 1937-38, there has been a 
steady decline in the value of the catch. Unless 
regulated soon, the whaling industry of the 
Antarctic will go the way of that of the Arctic 
and the industry will dwindle to insignificant pro- 
portions or even disappear completely. 

One of the more interesting of the sea-hunting 
activities of the higher latitudes is the sealing 
industry, particularly the taking of fur seals. 
Other aspects of less importance are the hunting 
of walrus, valuable for ivory and hides, and of 
the hair seal, a source of oil and skins. By contrast, 
the fur seal is valuable for its pelt, used in the 
manufactuie of fur garments and trim. 

Hunting of fur seals is centered in the Pnbilof 
Islands in the Bering Sea, off the coast of Alaska. 
Earlier, they were taken everywhere in both the 
Arctic and Antarctic, and at all seasons. As a 
result, they are now virtually extinct south of the 
equator and few are known in the Arctic, except 
for the herd of the Pnbilof Islands. This was 
likewise tlireatened with extinction by reckless 
and indiscriminate killing of both males and 
females, but pelagic sealing is now prohibited 
by international agreement, only males are taken. 
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and killing is supervised. In this herd, now num- 
bering in excess of 2,000,000 animals, the ratio 
of males to females is 1.10, which experience has 
demonstrated as desirable. The present regulated 
killing of surplus males, which now yields about 
60,000 pelts each year, has made possible a 
gradual building up of the size of the herd, a 
steady and increasing supply of pelts, and per- 
petuation of the industry on a stable basis. This 
illustrates the advantages which accrue from an 
intelligent conservation policy, applied to the 
fur seal, one of similar character for other forms 
of sea life which yields products of value to man 
would be equally advantageous. 

The Worlds Great Fishing Grounds The great 
fishing grounds of the world where the catch is 
of fish, all in higher middle latitudes, are four in 
number. (1) the seas bordering northwestern 
Europe and Iceland; (2) off the northern islands 
of Japan and in adjacent Asiatic waters ,(3) the 
shallows or banks off Newfoundland, Maiitime 
Canada, and New England; and (4) the Pacific 
coast border of North America, from San Fran- 
cisco to Alaska inclusive. 

The Fisheries of Noithwestein Em ope and 
Iceland. The fishing industry of northwestern 


Europe is carried on in shallow waters ovei the 
continental shelf and the banks and shoals of the 
adjacent seas. Of these shallows, the most im- 
portant IS the Dogger Bank, an oval-shaped, sub- 
merged plateau in the North Sea with an area of 
6850 square miles, covered by less than 120 feet 
of water. 

Fishing is of three types: inshore, pelagic, and 
demeisal, with shellfish an important part of 
the yield of the inshore operations In the pelagic 
fisheries, herring make up most of the catch. The 
most important of the demersal fisheries are those 
of the North Sea and off Iceland, with cod, had- 
dock, sole, plaice, halibut, hake, and other bot- 
tom feeders being taken, each from a definite 
location. The fishing boats, formeily propelled 
by sail, are today mostly power driven and some 
range up to 150 or even 170 feet in length. In 
the demersal fisheries, both trawls, wide- 
mouthed, tapering bags of netting, pulled along 
the bed of the sea; and seines, which differ from 
trawls chiefly in that the net rather than the 
vessel moves, are used. These fisheries extend 
from the Strait of Gibraltar to northern Norway 
and Iceland, where fishing is an old industry 
and fish the principal export. The fishermen in- 



Fig 345. A small fishing village on the west coast of Honshu, Japan. Here, there is no agriculture and, 
wedged in between the sea and cliffs, the houses of the fishermen occupy aU the flat land, except for a small 
area used for drying nets. ’ ^ 
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elude Scandinavians, British, French, Germans, 
Dutch, and Icelanders. In all, they number ap- 
proximately 200,000 and their annual catch is 
about 4,000,000,000 pounds, northwestern 
Europe leading the world in export of fish. How- 
ever, the industry is not equally important every- 
where for, in noithwestern Europe as elsewhere, 
fishmg is relatively more important where op- 
portunity is least on the land. Therefore fishing 
becomes both actually and relatively more im- 
portant m the poorer areas than where the land 
affords varied gainful employment. 

Fisheries of Eastern Asia Fishmg is an impor- 
tant occupation in this densely populated part 
of the world, wherever opportunity presents, for 
the land alone is unable to supply all the food 
needed by the enormous population, approxi- 
mately 25 per cent of the world’s total. Along the 
Inland Sea of Japan, for example, except as in- 
terrupted by headlands, fishing villages form an 
almost unbroken line of settlement. The same is 
almost equally true for many stretches of the west 
coast of Honshu. In southeast China as well, 
where but little flat land is available for agricul- 
tural use and population averages 2680 persons 
per square mile of cultivated land, fishing is a 
common pursuit, either as a part-time occupation 
or a full-time activity. The fisheries of eastern 
Asia, however, assume their maximum impor- 
tance in Hokkaido and Karafuto. This is because 
the conditions there are very favorable for im- 
portant food fish, the shores of these islands 
being washed by both the warm water of the 
Kuroshio or the Japan Stream and the cold water 
of the Owashio or Okhotsk Current. 

Fisheries of Japan. Japan ranks first among 
the nations of the world in the importance of her 
fisheries. This is in considerable part because 
of natural conditions. 924,000 square miles of 
fishing grounds, six times the area of Japan, and 
both warm and cold currents. Further, Japan is 
very attenuated. In few places is the mam island, 
Honshu, as much as 150 miles m width; in its 
narrowest part, only 77 miles. In all, the four 
mam islands alone have 9390 miles of seacoast: 
1 mile for each 16 square miles of area. Including 
the smaller islands, this increases to 1 mile of 
coast for each 9 square miles of area. Living as 
they do m such intimate contact with the sea, it is 
not remarkable that the Japanese have turned 
to fishing to secure part of their food supply. 
Further, opportunity is limited on the crowded 


land and religious beliefs as well as economic 
necessity often prevent eating meat. Therefore 
fish and fish products form important items of 
the national diet as well as finding other uses, 
including food for animals and feitilizer for the 
naturally pool soils which are cultivated so con- 
tinuously and intensively. 

The fisheries of the warmer waters off the coast 
of Japan supply bomto, tuna, sardines, crusta- 
ceans, oysters, and other shellfish, those of the 
colder waters, herring, salmon, cod, sea trout, and 
other valuable species of fish. The activity is of 
both the subsistence and commercial types, with 
commercial fisheries more highly developed m 
the north. In all, nearly 1,500,000 persons are 
employed, either part or full time, by river, in- 
shore, and open-ocean fishmg and. the manufac- 
ture of fish products, with nearly two-thirds of 
that number by the fisheries proper. A total of 
360,000 boats is used, mostly small and without 
engines, though the use of motors as well as the 
size of the fishmg boats is increasing rapidly. 
The larger boats normally operate not only m 
Japanese waters but also m those of Siberia, by 
agreement with the U.S.S.R., and they have even 
attempted to invade the coastal waters of Alaska. 
After the First World War, there was a consider- 
able development of floating crab canneries, the 
product being marketed in the United States, 
Australia, and Europe. One reason for the rapid 
increase in the importance of Japanese fisheries, 
aside from favoring natural conditions, has been 
their encouragement by the Japanese govern- 
ment, extending even to subsidy of vessels en- 
gaged in transportation of deep-sea catches. 
Further, as a means of encouraging seasonal 
movement to the fisheries of the north, the gov- 
ernment-owned rail lines grant special round-trip 
rates to fishermen during the summer months. 
These are all statements of conditions prior to the 
war; what effect it will have on future operations 
is not clear at present, though it is probable that 
the change, if any, will not be great. 

Fisheries of China. The sea has never played 
the important role in the economic life of China 
that it has in Japan. This is because the relatively 
short 3000-mile coast line of China is smooth, 
with few and mostly poor harbors. This is par- 
ticularly true in North China. Again, most of the 
population lives far from the ocean. In southeast- 
ern China, where conditions are more favorable, 
fishing becomes of greater importance, for there 




Fig 346. View of the famed ''fishermen’s wharf,” San Francisco, California. Though the fisheries of the 
southern part of the Pacific coast are of less importance than in the past, many small fishing vessels still operate 
m tlie San Francisco area, supplying local markets with fresh fish The same is true in the Los Angeles 
region but, being fartlier south, the catch is of fish of the warmer waters. (Courtesy of the Redwood Em- 
pire Association.) 


the land offers less opportunity and more numer- 
ous harbors and timber for building fishing boats 
are available. Fish, however, are those of the 
warmer waters, and the catch is much less im- 
portant than in northern Japan. The Chinese not 
only engage in sea fishing but they utilize as well 
the opportunity afforded by numerous waterways 
and canals, thus supplementing to a considerable 
extent the supply of food secured from cultivated 
fields. 

North Atlantic Fisheries of the United States 
and Canada. The fishing grounds off northeastern 
North America, which include the coastal waters 
of the North Atlantic seaboard and the shallows 
or banks of Newfoundland, have been of great 
importance for several hundred years. The New- 
foundland fisheries, for example, were known to 
the Biscayans and Normans as early as 1504, 
and, before 1600 they were visited annually by 
as many as 500 fishing boats: English, French, 


Spanish, and Portuguese, in the order of their 
numbers. They were considered so valuable that, 
when the French relinquished Canada and most 
of their landholdings in the New World to the 
English, they reserved rights on the fishing 
grounds and kept possession of Great and Little 
Miquelon and St. Pierre, three small islands south 
of Newfoundland. Similarly, the United States 
retained fishing rights on the Banks after the 
Revolution, for at that time the fisheriesi of New 
England were of great relative importance. 

These fishing grounds owe their importance to 
a combination of favoring conditions, for there 
the cold waters of the Labrador Current meet the 
warm waters of the Gulf Stream over extensive 
shallows. Of these banks, the largest and most 
important is the Grand Bank, southeast of New- 
foundland, where 37,000 square miles of the 
ocean’s bottom lie less than 860 feet below its 
surface. In addition, there are others of smaller 
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size, including Green Bank, St Pierre Bank, and 
seveial in the Gulf of St Lawrence and to the 
southwest of Newfoundland, with a combined 
area of several thousand square miles, so that 
the fishing grounds are extensive. 

From these shallow waters are taken a variety 
of food fishes, herring and mackerel from near the 
surface, cod, halibut, hake, and otheis at greater 
depths. Alongshore, the waters supply shellfish 
and lobsters Fishing is by hand lines, trawl lines, 
steam trawling, nets, and traps These fisheries 
are the principal basis for support of the popula- 
tions of Newfoundland and paits of the Maiitime 
Provinces of Canada, and they also supply a 
source of income and support to considerable 
numbers in New England, where they afford em- 
ployment to approximately 16 per cent of all 
commercial fishermen, and a catch valued at 
about 20 per cent of the total for the United 
States in an aveiage year. It should be realized, 
however, that though of some actual importance 
m New England, fishing is today a relatively 
minor economic activity there, for it is over- 
shadowed by others, particulaily manufacturing. 
Fishing is likewise of some impoitance farther 
to the south along the Atlantic seaboard and in 
the Gulf of Jv'Iexico, but there the fish of the 
cooler waters of the north are replaced by mullet, 
shad, striped bass, bluefish, menhaden, and 
others, many not of any great value for food. 

Pacific Coa^t Fisheries. Fishing has been an 
important industiy on the Pacific Coast for nearly 
100 years, for its beginnings are tied up with the 
early history of Oregon, Washington, and British 
Columbia, whose settlement was based, not only 
on the fur trade, but on fisheries as well. Thus 
a few cases of pickled salmon from the Pacific 
Coast were sold in Boston as early as 1830, by 
1832, the Hudson Bay Company was market- 
ing fish in Hawaii, Chile, and Great Britain. By 
1846, commercial fishing was fiimly established 
m both United States and Canadian waters. 
Though other fish, including cod, halibut, 
flounder, mackerel, and trout are taken, salmon 
are so much more important that the fishing in- 
dustries of the West Coast are commonly 
thought of as salmon fisheries only. In all, these 
give employment to nearly 20 per cent of all the 
fishermen and account for almost 35 per cent of 
the total value of the catch for the United States 
in normal times. 

Salmon are particularly easy to take for, though 


they spend most of their lives in the ocean, they 
spav/n, or deposit their eggs, in rivers. When 
these hatch, the fry or young salmon remain m 
flesh water for a short time, thereafter migrating 
to the ocean, where they live for from 2 to 6 or 7 
years. Then they return, geneially to the same 
river where born, to spawn and die. In all, there 
are five species of salmon, the chinook or king, 
the sockeye, the humpback, the silver, and the 
dog or chum. Of these, the chinook is the most 
valuable, the sockeye and humpback important, 
and the chum the least desirable. These five 
species range from central California, to Alaska 
inclusive, but the relative importance of each 
varies in different localities. 

Salmon are taken at the time of runs up the 
rivers, which occur from January to early Oc- 
tober, both the time and number of runs varying 
with the river. Drift and gill nets, hand and 
purse seines, floating and stationary traps, trolling, 
and fish wheels are used in fishing during the 
runs, though the last method is now illegal. 
Salmon are also caught on lines at other times. 
If all the ascending fish are caught, that run is 
destroyed, for no fish are born to return later 
to spawn and die. Further, if the spawning 
grounds are not reached, even though no fish are 
caught, the result will be the same. In 1913, for 
example, closing of the Fraser River by a slide 
prevented an estimated 85 per cent of the fish 
from reaching the spawning grounds, thus de- 
stroying one of the greatest of Fraser River runs. 

Salmon fishing had become important on the 
Pacific coast by the middle of the nineteenth cen- 
tury, in the Seattle area, as early as 1850. By 
1882, the Sacramento River pack was 200,000 
cases, though now there is none from that region, 
for the industry has shifted north, particularly 
to Alaskan waters, with the disappearance of 
profitable fishing in many areas farther to the 
south. By 1920, there was a marked decrease 
in the catch everywhere, even in Alaska. 

This decrease was in part an inevitable con- 
sequence of overfishing, in part it was caused by 
pollution of streams, the breeding place of the 
salmon. To some extent, also, it resulted from 
lowering of river waters by their use for irrigation 
and diversion of fish into inadequately screened 
ditches. Agriculture, grazing, and lumbering 
operations also contributed, for they increase soil 
erosion, scouring of stream beds at times of 
freshets, and denudation of the stream banks. 




Fig. 347 Top- Taking salmon by use of a purse seine, southeastern Alaska. 

Middle: Brailmg salmon from a trap, Alaska. 

Bottom. An Alaskan salmon cannery in sheltered waters. Built on piles, boats are able to tie up at the dock 
to discharge fish and easy disposal of cannery wastes is possible. ( Courtesy of the U. S Bureau of Fisheries. ) 
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The last allows the sun to raise the temperature 
of the waters of the smaller tributaries and de- 
stroy the insect food of the fish. In addition, 
lumbering operations often block the streams 
with log jams. Man's construction of dams for 
various purposes has likewise produced unfavor- 
able results. Some of the smaller dams, it is true, 
are equipped with fish ladders, but some, such 
as the Coulee Dam, are so high that runs cannot 
pass. To prevent this loss, the fish were trapped 
below the dam; eggs were removed from the 
female fish, fertilized, and transferred to hatch- 
eries. Later, the fry were released in streams 
which discharge into the Columbia below the 
dam. Today, the mature fish are returning to 
these same streams to spawn, thus pieventing in 
part at least the loss resulting from construction 
of the dam. This is important, for the fishing in- 
dustry of the Columbia has an estimated capital 
value of $250,000,000 and an estimated annual 
return of $10,000,000. Despite all steps which 
may be taken, however, it is probable that the 
dams already built, plus others planned, will tend 
to deciease the size of the runs. 

It is highly desirable to protect the salmon, 
which is one of the most valuable food fish of 
North America. With this in view, the Alaska 
fisheries were placed under the control of the 
Secretary of Commerce in 1924, since which 
date the Bureau of Fisheries has ruled that only 
50 per cent of any one run may be taken. Fishing 
has likewise been regulated in the Fraser River 
across the International Boundary since 1937. 
It is to be hoped that these and other similar 
measures will ensure satisfactory and stable con- 
ditions for the salmon industry. 

At present, the industry is centered in Alaska, 
which now supplies about half of the total an- 
nual pack, though the Puget Sound and Colum- 
bia River fisheries are likewise important. Though 
the bulk of the catch is marketed canned, sal- 
mon are also sold fresh, frozen, pickled or salted, 
and mild cured. In all, approximately 26,000,000 
pounds of fresh salmon, valued at $1,000,000, 
are handled in Seattle alone, with frozen salmon 
of but slightly less importance. 

Alaska is a particularly good location for can- 
neries since there is an abundant supply of pure, 
fresh water and many safe landings for fishing 
boats along the highly indented coast. Modern 
canneries, most of which are built on piles at 
tidewater, represent investments of $200,000 or 


more, on which a return must be earned during 
a very short season of operation, sometimes of 
only 45 days. The present regulation of the 
Alaskan catch is highly beneficial for, m addition 
to other advantages, it tends to protect these in- 
vestments. The bulk of the canned salmon is 
shipped to Seattle to be sold, with San Francisco 
and New York second and third m importance 
as markets. From these markets, it is exported 
to all parts of the world, with Great Britain, 
France, and Australia absorbing most of the 
product. Our principal competitor for export 
markets is Canada, with Siberia and Japan of 
lesser importance. 

Lake Fisheries. Lake fisheries are generally 
of limited significance, except as they supply 
fresh fish for local markets. In the case of those 
of the Great Lakes, however, they are of con- 
siderable importance, with a yearly catch valued 
at nearly $6,500,000, and affording employment 
to more than 6000 fishermen. The industry is im- 
portant in these lakes because of their size and the 
extent of the fishing grounds, the fact that the 
fish taken are of species important in commerce, 
and because of the nearness of the fisheries to 
large urban markets. For the most part, the fish 
are sold fresh, though some are smoked. In 
either case, most are used for human food, though 
some are fed to animals and used as fertilizer. 
As in fisheries elsewhere, the catch is decreasing, 
particularly that of the more valuable kinds such 
as whitefish, which have virtually disappeared 
from certain areas where formerly abundant. 
Therefore the present yield is largely of inferior 
species. This is unfortunate and emphasizes the 
desirability of restriction of fishing and regula- 
tion of the industry. 

Hokkaido and Its Fisheries Hokkaido, the 
northernmost of the four main islands of Japan, 
is a bleak and inhospitable region of but limited 
opportunity. Much of the land s urface is moun- 
tainoi^, and, even in those areas where topog- 
p^™its, climate does not greatly favor 
agriculture^ In some parts of the island, indeed, 
the growing of cultivated crops is virtually im- 
possible because of the prevailingly cloudy and 
foggy weather and the cool frost-free season. 
Everywhere, the few warm months and the 
length and severity of the winters tend to discour- 
age settlement, particularly by Japanese, who 
prefer the warmer, sunnier regions of the south 
to the cold, cloud, and fog of Hokkaido. Despite 



Fig. 348. Top. Asari, Hokkaido. The village is to the right of the railroad tracks, between which the 
ground is covered with fish products, spread out on matting to dry. At the left, drying nets, fishing boats, 
and racks for curing fish occupy all the land along the shore. 

Bottom. Fishermen s houses, curing fish, and drying nets fill all tlie space to the right of the narrow, 
muddy, single street of the village. On the left, drying nets form a screen between the houses and the rail- 
road tracks. 
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Fig 349 Sunken kettles for cooking fish, fish presses, and curing and baled fish products occupy 
most of the space between the railroad tracks and the sea at Asari. 


these handicaps on land, the bordering seas are 
rich in marine life, including valuable food fish, 
for Hokkaido is washed by both the Kuroshio and 
the Okhotsk Current, and offshore waters are 
shallow. Attracted by the possibility of fishing, 
there has been limited permanent settlement in 
the south of the island and seasonal migration 
to the Hokkaido fishing grounds for many years 
and, of late, fishing villages have sprung up on 
all its coasts. 

Asari, located a short distance to the east of 
Otaru, an important city and port on the west 
coast of southwestern Hokkaido, is typical of 
these fishing villages. Like most of them, it is 
linear in form, for it is located on a narrow, 
fiat-topped terrace bordering the sea, with the up- 
land rising abruptly in its rear, an upland which, 
though occupied by scattered settlement, offers 
httle in the way of attraction. In front of the 
village, however, is the sea, which presents op- 
portunity for fishing, the sole support of the 
population of the community. 

Not only is there httle flat land at Asari, but 
part of this is occupied by the double tracks of 
the rail line which follows the shore at this point. 
Therefore the village is not only limited to a 
single street, but houses are confined to one of its 


sides, with the other lined by supports from 
which nets are hung to dry. The houses are set 
close together, virtually without yards, with such 
open space as exists between them occupied by 
frames filled with curing fish or draped with nets 
and other fishing gear. The street in front of the 
houses is unpaved, without walks, and barely 
wide enough for two vehicles to pass, for no level 
land is wasted, where so little is available. Be- 
tween the tracks of the rail line and the sea, there 
is also a small amount of level land, which finds 
use for fish kettles, presses, and the curing of 
fish products, for drawing up the small fishing 
boats; and for drying and repairing nets. 

Fish and the odor of fish are everywhere, for 
drying fish and fish products fill all the free spaces 
and, spread out on matting, also cover the ground 
between the railroad tracks and the openings 
along the waterfront. One would be conscious of 
the importance of fish in this community with 
his eyes closed, even on a cool day; when it is 
warm, the odor is almost overpowering. The re- 
turns from fishing are neither great nor certain, 
and Asari is far from a pleasant place in which 
to live. Here, at least, though the sea affords a 
living, its romance is lacking completely. 

Most of the fishing is carried on close to shore 






Fig 350 Top A typical Newfoundland homestead of the better sort, with two fenced gardens, iish 
drying on the rocks, a small wharf or stage, and a fish house. 

Bottom: A typical fenced Newfoundland garden at Flowers Cove. The beds are built up to improve drain- 
age and warm the soils. (Courtesy of Fred C. Sears.) 
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Fig 351 A typical Newfoundland coast line and part of the fenced vegetable garden at St. Anthony. 
Cabbages aie grown here, both to be sold as plants and to supply food for local consumption (Courtesy 
of Fred C. Sears ) 


with small boats, which can be drawn up on the 
land when not in use. When not engaged in 
fishing, the inhabitants of Asari, both men and 
women, put in their time caring for the catch 
and mending nets. Some of the fish caught, 
shipped in open or coal cars, are sold by the 
bushel to farmers of inland agricultural areas. 
Theie they are used for food, both by man and 
the domestic animals. For the latter use, they are 
cooked in large iron kettles on the farms and 
then fed to hogs and poultry. Some are also used 
as fertilizer, for night soil is limited m this north- 
ern island with its relatively sparse population. 
Some fish and fish products are also cooked in 
sunken kettles at Asari, then reduced in bulk by 
presses, and either sold locally or exported for use 
as fertilizer. There are hundreds of small fishing 
villages such as Asari along the coasts of Hok- 
kaido, as well as in many parts of the southern 
islands, for population density in Japan is so great 
that many must turn to the sea for support. 

'Newfoundland and Its Ftsheries. Newfound- 


land, like Hokkaido, is a chill, forbidding land 
with cool summers and much fog along its coasts. 
In addition, at least 75 per cent of its land sur- 
face of 42,000 square miles would be unsuitable 
for agricultural use even though the climate were 
more favorable. This is because Newfoundland 
has been heavily glaciated, so that the solid rock 
often forms the actual surface, and even where 
soils occur they are often excessively stony. This 
combination of thin soils and an unfavorable 
climate limits the possibility of agriculture to a 
few localities, possibly 8000 square miles in total 
areal extent, of which not more than half would 
yield crops, even of hay, oats, and potatoes; the 
lemamder could at best support only a grazing 
industry of sorts. Agriculturally, indeed, New- 
foundland is much less desirable than Hokkaido 
Like the northern island of Japan, much of 
Newfoundland is forested with coniferous timber* 
spruce, balsam, and fir. This forest is valuable for 
the manufacture of pulp and is now being ex- 
ploited, but the industry furnishes employment 




Fig 352 A waterfront scene at St. Johns, the capital of Newfoundland. Here, as elsewhere, fish are 
much in evidence. In the foreground, they are drying on "‘flakes” of brushwood on the slopes along the shore 
Below, along the waterfront, are the landing stages for the fishermen's boats and, in the distance, two pas- 
senger boats which normally ply between St. Johns and the ports of the mainland, and the British Isles. 
(Courtesy of Gustav Anderson.) 
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to relatively few workers and its life will be 
short. Newfoundland likewise has deposits of iron 
ore, but no coal; by contrast Hokkaido has coal 
but no valuable iron ores. Other mineral re- 
sources are of negligible importance in both 
islands, therefore mining affords employment to 
but few in either. Newfoundland, it will be noted, 
is even less favored by nature than is Hokkaido, 
for agricultural possibihties are more limited; the 
forest is less valuable; and mineral wealth is no 
greater, though different in kind. This lesser de- 
sirabihty possibly finds expression in differences 
between the populations of the two islands, for 
though Newfoundland is slightly more than 30 
per cent larger than Hokkaido, its population 
is less than 10 per cent as great. In part, of 
course, this may reflect differences in race and 
standards of living of the inhabitants of the two 
islands, but it is undoubtedly in part because of 
lesser regional opportunity. 

But though the land denies any considerable 
opportunity, the sea offers it, for Newfoundland's 
fishing grounds are equaled in few other parts of 
the world. Offshore, there are numerous shallows 
or banks over which the warm waters of the 
Gulf Stream meet the cold waters of the Labra- 
dor Current. Further, the fiorded or highly in- 
dented coast line offers many harbors to fishing 
boats. Therefore the inhabitants of Newfound- 
land depend on the sea for support to an even 
greater extent than do those of Hokkaido, it being 
estimated that, before the war, 66 per cent of all 
persons gainfully employed were fishermen. De- 
spite the favoring natural conditions, however, 
the fisheries have not been prosperous of late 
years, and this has led to poor living conditions. 
Up to the outbreak of the war, in fact, they were 
almost desperate. 

By that time, the $26,000,000 export of cod 
of 1918 had dropped to $5,000,000; the yearly 
income of the average fisherman was only $100; 
and 40 per cent of the entire population were 
dependent on the dole, either wholly or in part. 
During less than 20 years, the governmental in- 
debtedness nearly tripled, so that it mounted to 
well over $100,000,000. These conditions re- 
sulted from smaller catches and lower prices for 
the fish sold, coupled with ignorance and poverty 
which prevented adoption of new methods of 
curing and packing, and compelled sale of the 
catch at low prices in order to move it. Wartime 
expenditures, it is true, have remedied this situ- 


ation temporarily and the debt has been wiped 
out, but the future is far from piomising. 

The problems of Newfoundland are, of course, 
those common to all areas where unregulated, 
unsupervised fishing is earned on over extended 
peiiods of time, intensified by lack of other 
natural opportunity. We have them m the United 
States, but they do not attract so much attention 
because the areas affected are smaller and the 
number of their inhabitants is fewer. 

The Future of Fisheries. Our increasing knowl- 
edge of the life history of fishes has led to gi owing 
concern over the disappearance of certain species 
and the smaller catches of others. Shortage of 
fish in the markets of the world may not be 
noticeable as yet, it is true, but this is partly 
because when one source of supply is exhausted, 
others are drawn on to an increasing extent. 
However, increase in the efficiency of fishing 
operations which makes this possible only brings 
nearer the eventual depletion of all sources of 
supply. Like our seemingly limitless forests of 
only a few years ago, now a thing of the past, 
the apparently inexhaustible supply of fish of the 
present is threatened today. 

Examples to illustrate what the future has in 
store can be drawn from many sources. Earlier, 
for example, salmon were plentiful along the 
Atlantic coast from the Hudson River north to 
Labrador; today there is no commercial catch. 
Even on the Pacific coast, now the source of sup- 
ply, the salmon is disappearing in many rivers 
where formerly abundant, and decrease in the 
catch is apparent almost everywhere, though the 
output of the canneries may remain essentially 
unchanged because of more intensive fishing 
and substitution of varieties different from those 
formerly taken. The disappearance of a given 
species is especially notable in the case of the 
shad, a fish of the South Atlantic seaboard which, 
like the salmon, spends its adult life in the sea 
but ascends the rivers to spawn. Unregulated 
fishing and pollution of the streams began to have 
noticeable effects as early as 1880, today the 
catch is only about 20 per cent of that of 1900, 
with resultant higher prices for shad and shad roe. 

Up to a certain point only will increased fishing 
produce a larger catch; beyond that point, the 
yield will fall in spite of an increased expendi- 
ture of effort since, for every species of fish, there 
is an optimum rate of fishing. Taking due account 
of variations in annual catch which result from 
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natural fluctuations over which man has no con- 
tiol, it IS desirable to restrict fishing operations to 
an extent that yields remain unimpaired. Not 
only should reckless exploitation of the fish of the 
coastal waters be prevented, but the fish and 
animal life of the deep sea also need protection. 
Whaling, for example, has practically exhausted 
the resources of the northern seas and of all 
waters except those of the Antarctic. Increased 
efiiciency of operations makes ever greater in- 
roads on the remaining fraction of the former re- 
source of whales of these waters; certain species 
are already scarce, and all varieties are being 
killed faster than they can be replaced by natural 
reproduction. Further, there is no indication of 
any decrease in the demand for the production. 


In some cases, regulation of fishing is possible 
of local solution, but in others, international 
agreements aie necessary, for the fish which 
breed in certain waters may be caught far from 
the place of their birth. Again, ceitam types of 
fishing are earned on outside coastal waters over 
which any single nation has jurisdiction. There- 
fore effective control of such activities can be 
secured only by collective action. To take the 
steps necessary to protect valuable sea life is 
obviously desirable unless we are reconciled to 
eventual decrease in the profits of certain types of 
fishing and sea hunting, loss of a valuable source 
of supply of food and raw materials, and the 
disappearance of certain forms of marine and 
fresh-water hfe. 


QUESTIONS AND EXERCISES 


1 For how long a time has fishing been an im- 
portant economic actnity^ Illustrate its import- 
ance to primitive populations by examples. 

2 In what latitudes are commercial fisheries im- 
portant? Where in these latitudes^ Why? Of 
what types are the fisheries, and what are the 
differences between these types? 

3 Describe the fisheries of the tropics as to their 
kinds and location. 

4. What products does sea hunting yield^ How has 
whaling shifted the location of its operations and 
why^ Describe the sealing industry and the 
steps taken to protect it 

5. Discuss the fisheries of northwestern Europe and 
Iceland with reference to their location, favor- 
ing natural conditions, types, catch, and im- 
portance. 

6. Why is fishing often an important activity in 
eastern Asia? Where is it most highly developed? 
Why^^ Why is fishing less important in China 
than in Japan? 

7 For how long ha\e the fisheries of Newfound- 
land been known to white populations? What 
natural conditions make these fisheries so im- 
poitant^ How has their importance been recog- 
nized in treaties between nationsf^ 

8. What is the catch of the Pacific coast fisheries 


of North America^ How early did commercial 
fishing become important in this region? Where 
IS the industry centered today^ Why? 

9. Why has the catch of salmon on the Pacific 
coast of North America decreased in many 
areas^ What steps have been taken to protect 
the salmon? 

10. Describe the disposition of the salmon catch, 
the markets, and the export trade in salmon 

11 Why are lake fisheries generally of minor im- 
portance? Why are those of the Great Lakes an 
exception to this rulei^ Why should these fisheries 
be regulated? 

12. Why are the fisheries of Hokkaido so important? 
Describe a typical Hokkaido fishing village 

13 What is the relative importance of fishing in 
Newfoundland'^ In what respects are natural 
conditions favorable for fishing m Newfound- 
land^ What is the present condition of the fish- 
ing industry there? Why? 

14 Why IS there growing concern over the decrease 
in the catch of many of our fishes^ Illustrate by 
examples of decrease in the catch of a given spe- 
cies Why has this decrease not been particularly 
noticeable in the markets of the world? 

15 Why should sea hunting be regulated^ Illustrate 
by the history of the whaling mdustry. 
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TRANSPORTATION 


Transportation and Its Evolution. One of the 
earliest problems to engage the attention of man 
was that of moving himself and his material 
possessions from place to place for, even when 
he was a primitive hunter only, it was desirable to 
follow game migrations and to change location 
with depletion of the local supply of edible wild 
fruits and roots. Later, when he became a no- 
madic herder, dependent on domesticated ani- 
mals, it was likewise necessary to make frequent 
shifts, with temporary exhaustion of the pastur- 
age. These same movements of man and his 
possessions are common today among migratory 
hunters and herders and, added to them, we have 
the much more extensive circulation of indi- 
viduals and the transfer of great quantities of 
the varied products of many lands to satisfy the 
demands of more advanced sedentary popula- 
tions. This is a development of recent centuries 
only. Man s progress, indeed, has been an accom- 
paniment of conquest of distance, for only with 
development of ability to draw on the resources 
of many and often faraway areas to satisfy stead- 
ily inci easing needs, has marked advance become 
possible. This is because no area, even the most 
favored, will supply completely all the necessities 
of modern, civilized populations. Thus ‘‘trans- 
portation is civilization.” 

At first, man was limited to the means of loco- 
motion with which he was endowed by nature. 
Primitive man then went barefoot, as do many 
native populations of the warmer parts of the 
earth today, but the possibilities of travel with 
greater comfort and at more satisfactory speeds 
is increased by some form of foot covering and 
by use of supplementary devices. Therefore the 
sandal, which developed in some areas as a 
moccasin, m others as a shoe or boot of some 
sort, was an early invention, the shoe as we know 


it being introduced in western Europe early in 
the seventeenth century. Where snows were deep, 
additional gear such as snowshoes and skis were 
hkewise found of value and, accompanying in- 
troduction of the shoe, other devices such as the 
alpenstock of the mountaineer and the stilt of the 
inhabitants of the Landes or marshlands of south- 
western France came into use. Eventually, lad- 
ders and other inventions, including modern ele- 
vators, were designed to assist man in lifting 
himself vertically. 

Man as a Beast of Burden. The first beast of 
burden must have been man himself Thus the 
earthen mounds of the Mound Builders which 
dot the Mississippi Valley must have been piled 
up by back-breaking toil. The Pyramids also, 
burial places of Egyptian kings, were built simi- 
larly, with 100,000 men employed for 20 years in 
erecting these celebrated monuments, according 
to Herodotus. 

In relatively undeveloped regions, man is still 
a beaier of burdens, for the hunter and trapper 
must frequently pack in supplies, and among 
primitive populations, the women not only sling 
their babies on their backs, but they are like- 
wise carriers of loads of other sorts. (See Fig. 
15. ) In the tropics, even where advance is greater, 
produce is frequently transported to market in 
baskets balanced on shoulders or heads, and 
other loads may be carried in similar fashion. 
Even in civilized countries of the Western world, 
man is still a burden bearer, it being common 
practice in the erection of smaller buildings for 
bricks and mortar to be brought to the brick 
layer in hods and, in similar fashion, mortar to 
tilesetters and plaster to plasterers. 

In the Orient, the use of human burden car- 
riers is common, for population is dense, labor is 
abundant, and wages are so low that man can 
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Fig 353. Transportation in Osaka, the second largest city in Japan, before the war. In this setting 
of modem buildings, not only are street cars, automobiles, and bicycles in evidence but, to the right, a 
ricksha and a cart. The latter, loaded with bales, is pulled by two men and pushed by a woman This was 
a common sight on the streets of even the largest cities of Japan before the war. 


often compete successfully in moving goods. 
Thus in Japan crushed rock may be unloaded by 
men and women using baskets, rather than by 
machinery, and in China coohes may transport 
goods, suspended from the ends of poles slung 
across their shoulders, for many miles on the 
highways. Carts and goods wagons may also be 
pulled and pushed by human beings rather than 
by domestic animals, both in the country and in 
the largest cities; rickshas and sedan chairs may 
be used to transport passengers, and wheel- 
barrows, both freight and passengers. In these 
latter cases, however, man selves as a draft ani- 
mal, not a burden bearer. 

Animals as Beasts of Burden Man has pressed 
several animals into service for the transport of 
either himself or his possessions. These include 
horses, donkeys, mules, elephants, camels, rein- 
deer, dogs, oxen, llamas, and some others of 
limited local importance. However, though thou- 
sands of years have elapsed since the first use of 
such animals, there has been little if any change 
in the list and all still serve essentially the same 
purposes as at a much earlier date, except as 
mechanical means of transport have decreased 
their relative importance. Further, for certain 


special uses, no adequate substitutes for these 
animals have been developed as yet. 

The horse is man’s most important beast of 
burden. Probably first domesticated in central 
Asia, where native to the steppe grasslands, use 
of the horse spread westward gradually, i caching 
the Americas with the coming of the Spaniards. 
Up to the beginning of the eighteenth century, 
the most important means of moving merchan- 
dise overland was by pack horse, and this is still 
true in many frontier areas. Again, during the 
period prior to the use of carts and coaches, the 
only practicable means of travel by land, except 
on foot, was by horseback, as it still is today m 
many sparsely populated parts of the world 

Donkeys have long been employed, both as 
saddle animals and for the carriage of goods. 
Though of small size, they are valuable because 
of their ability to use poor pasturage to advantage. 
Probably descended from the Somali ass, they 
were much used by ancient populations of regions 
bordering the Mediterranean. From these areas, 
their use spread westward and into the New 
World, where they today still find employment 
as pack animals by mining prospectors in dry 
areas. 




Fig 354. A Chinese wheelbarrow, here being used to transport both freight and a passenger (Courtesy 
of the Philadelphia Commercial Museum,) 


The mule, a cross between the horse and the 
ass, IS a very useful animal in warm countries. 
First known in Asia Minor during very early 
times, both Greeks and Romans later used them 
extensively. Frequent references to them are en- 
countered in the Old Testament, as in II Samuel 
xiii*29, from which it would be inferred that only 
important personages could afford to own and 
ride them at that time. Today, however, they are 
in common use in many parts of the world, both 
as pack and draft animals. 

Employment of elephants as beasts of burden 
goes back at least to the time of Hannibal, for 
he used them in his wars with Rome, but today 
the areas where they are important as work 
animals are restricted to southern and south- 
eastern Asia, where they are employed to handle 
heavy timbers in the forest industries, for hunting 


tigers in the jungle, and to carry passengers in 
state and other processions. 

The camel, domesticated as early as 6000 B C , 
is especially valuable as a beast of burden in 
deserts because of his ability to go without water 
or food for several days, satisfying his needs dur- 
ing that period from water stored in the reticulum 
or ''second stomach^' and fat m the hump His 
cushioned feet are also an advantage in travel 
over dry sand, and his nostrils can be closed so 
that he does not suffer from desert storms which 
would be detrimental or even fatal to other 
beasts of burden. Camels, however, do not pro- 
vide speedy transportation, for even racing types 
make no more than 8 to 10 miles an hour and, 
for ordinary breeds, the rate is 3 miles or less. 
Further, the surly disposition of the animal leaves 
much to be desired. 
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In the frozen north, still other animals are 
pressed into service. Among the Lapps of north- 
western Europe and other populations of north- 
ern Siberia, for example, reindeer are in common 
use, for this animal can find forage where the 
domestic animals of lower latitudes would starve, 
and he can also withstand low temperatures. 
Even though small, he is able to carry loads of 
150 pounds or more and, in addition, he supplies 
food and material for clothing. So important is 
the reindeer among the Lapps that wealth is 
measured by the size of the herds owned. In cold 
areas, dogs are hkewise sometimes used for carry- 
ing small loads, though more frequently as draft 
animals. 

Oxen have also served to transport goods in 
times long past, for leference is found to such use 
in I Chronicles xiii:40; in Africa, they have occa- 
sionally been employed as saddle animals. On 
the Plateau of Tibet, 20,000 feet above sea level, 
the yak, a member of the ox family, finds similar 
uses, and on the Andean plateaus, the llama, 
likewise able to live at great elevations, is a 
common pack animal. 


Dm'ing the period when travel was largely on 
the backs of animals, journeys were restricted 
and time-consuming, made with considerable 
hardship, and often dangerous as well, as they 
are today where such means of travel are still 
important. Transport of goods was hkewise slow, 
expensive, and risks of damage and loss in tran- 
sit were always present. Further, movement of 
goods was small and afForded employment to only 
hmited numbers. 

Transportation without Wheels. Transporta- 
tion without wheels developed at a very early 
date, for the advantages of having men or ani- 
mals draw rather than bear the burdens were 
apparently realized during relatively early stages 
of human development. One of the most striking 
examples of transport of enormous quantities of 
material without the use of wheels is afforded by 
movement of the 90,000,000 cubic feet of rock, 
some in blocks of enormous size, required to 
build the Pyramid of Cheops. Most of this stone 
was apparently transported at least 30 miles; 
some as much as 500; all by floating some of the 
distance on rafts and by dragging over prepared 
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Fig 356 Calling for tlie mail m August, Flingville, Kentucky. In this hilly section of central Kentucky, 
a part of the Bluegrass region, roads are so poor that sleds are often used most of the year for many pui poses. 


surfaces at least part of the way by thousands of 
slaves. 

When caits were not so common as they are 
today, sledges were frequently employed on 
farms in western Europe to move crops from 
the fields to storage. In paits of southeastern 
Asia, wheie the ground is often wet and soft 
at times of harvest, they still serve that same 
purpose. In the United States as well, where 
roads are hilly and poor and use of wheeled vehi- 
cles is not always practicable, they likewise find 
employment at all seasons; during -winter months, 
when the ground is covered with snow, their use 
IS widespread, even where carts and wagons meet 
the needs of summer transportation. 

Sledges of various types, of course, are in use 
throughout the year for overland travel in the 
frozen north, where the ground is covered with 
snow, either all or most of the time, and other 
vehicles would be valueless. Thus they afford the 
common means for such travel in much of north- 
ern North America and Eurasia. In Eurasia, they 
are generally drawn by reindeer; in North Amer- 
ica, commonly by dogs. Such sledges have been 
very valuable, not only to native populations, 
but to polar explorers as well. 

Evolution of Wheeled Vehicles. Movable roll- 


ers were often employed in early transport to 
lessen friction between the sledge and the sur- 
face over which it was drawn. This is known 
from study of the wall paintings of Egyptian 
monuments. Later, rollers were attached to the 
bed of the sledge which supported the weight to 
be moved. Thereafter, it was probably only a 
short time before it became apparent that rollers 
could be replaced to advantage by circular slabs, 
connected by an axle. Such was the origin of the 
modern wheel, one of the most important devices 
ever invented by man. When it occurred, we do 
not know exactly, though it is generally thought 
to have been between 4000 and 1500 B.C. What- 
ever the exact date, its invention and use marked 
an important step forward in means of trans- 
portation. 

The first wheels were solid disks, probably of 
small size, attached firmly to an axle, so that both 
wheels and axle revolved. This is still common 
practice in some parts of South America, and for 
use on cars which operate on fixed tracks. Later, 
as a means of surmounting obstacles more easily 
and decreasing friction, the size of the wheels 
was increased on many vehicles, and differences 
in the wheel sizes in the front and rear developed 
with introduction of wagons, for this made 
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shorter turns possible. Further, since wheels 
fixed on axles have disadvantages in turning 
corners, it was not long before stationary axles, 
with independent, freely revolving wheels, came 
into common use in most parts of the world. The 
present-day dished wheel with spokes is the final 
lesult of a gradual evolution from these original 
ventures m improvement of means of transporta- 
tion. 

Wheeled vehicles, both chariots and carts, 
were in use in Egypt at a very early date and, 
from paintings and sculptures, we know what 
they were like, particularly the chariots. From 
Egypt, their use spread to other Mediterranean 
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countries, where subsequent change and im- 
provement m them occurred. Chariots apparently 
preceded carts in western Europe, for the latter 
were not known there until about 1000 A.D., 
though chariots were in use much eailier Despite 
a gradual improvement in vehicles, however, 
even as late as 1200 A.D., the body of British 
carriages rested directly on the axle, and the 
discomforts of travel in them must have been 
great on the miserable roads of that time About 
the middle of the sixteenth century, these early 
carts were supplanted by wagons which carried 
both freight and passengers and, still later, by 
coaches and stages, but it was not until 1804 that 



Fig. 357. Top: Loaded carts on the main traffic street of Sapporo, the capital of Hokkaido The 
substantial construction and large wheels of these carts make them adapted for use on poor roads. 
Similar carts are in use throughout North China, where roads are likewise poor 

Bottom' A four-wheeled wagon with very small front wheels, on Sanjo Street, Kyoto, Japan. These 
small wheels permit the wagon to turn withm its length, necessary where roads are often very narrow, 
as in Japan. 
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Fig. 358. Roads up the smaller creek valleys are everywhere poor in the Kentucky Mountains, even to- 
day. The road up the valley of MeatscafEold Creek, Breathitt County, shown above, is located in the creek 
bed, between the fences which separate the small amount of level land in corn from the highway. Under 
such poor road conditions, travel, except on foot or on horse or muleback, is difficult. 


springs were invented, and even for some time 
thereafter they were not in general use. The 
steady improvement of vehicles tended to in- 
crease both travel and movement of goods, which 
afforded employment for somewhat increased 
but still not large numbers, because highways 
remained poor. 

Highway Development. Roads bear somewhat 
the same relation to a country that the circulatory 
system does to the human body, for they make 
possible the flow of trade which nourishes com- 
munities and their urban centers, much as the 
flow of blood does the different parts of the human 
body. In the absence of good roads, communica- 
tion becomes diffiicult; isolation is the rule; and 
ideas diffuse slowly. These effects of their absence 
have been illustrated in earlier chapters by dis- 
cussions of living conditions in the southern Appa- 
lachians. 

The first great road builders were the Romans, 
who realized that, without effective means of 
communication, it would be impossible to estab- 


lish their empire on a substantial basis. However, 
though their highways were designed primarily 
for military use, they were likewise of benefit in 
facilitating trade. The Roman loads were of dif- 
ferent classes and types, but they were always 
well drained, with substantial foundations, and 
of adequate width. All were surfaced and some 
were even paved with squared blocks of stone. 
So substantial was their construction that sec- 
tions of some of them are still in use. Marked 
with milestones indicating distances to Rome, 
these highways remain an impressive monument 
to the ability of the Romans as highway engi- 
neers. 

For hundreds of years after the fall of the 
Roman Empire, there was no comparable con- 
struction of roads in western Europe. After the 
decline of Rome, indeed, the older roads fell 
into disrepair and for many centuries they went 
from bad to worse. Therefore, during this long 
period, only small loads could be moved and 
costs of products hauled were high. Under such 
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conditions, local raw mateiials often could not 
meet the competition of imports at seaboard be- 
cause of the difficulties and costs of transpoit by 
land. Not only was movement of goods difficult 
and slow, but it was often dangerous as well, 
for bands of highwaymen preyed on traffic and 
often murdered travelers and traders. Roads 
were so poor in England in the middle of the 
seventeenth century that 800 horses are reported 
to have been captured by CiomwelFs forces, 
""while sticking in the mud,’' When a long trip 
was contemplated at that time, it was a common 
practice to send servants ahead to locate the 
most promising route, for roads were sometimes 
submerged for considerable stretches and travel 
across fields under guidance became necessary. 
Under such conditions, travel was necessarily 
slow, sometimes not much more than 1 mile an 
hour. 

Similar conditions existed in the United 
States until long after the American Revolution. 
In the earlier days of the preceding century, 
for example, an overland trip from Boston to 


Washington, D. C. was a real adventure. At that 
lime, travel on foot by many roads might actually 
consume less time than when attempted by use 
of wheeled vehicles. Thus, during that period, 
waterways were preferred to highways, west of 
the Appalachians, they were the only effective 
means of moving freight. 

In road construction of early days but slight 
attention was paid to the foundations and both 
drainage and surfacing were generally inade- 
quate. The fiist to recognize the importance of 
making road surfaces waterproof weie Telford 
and McAdam, the latter giving his name to the 
type of road known as ""macadam" about 1830. 
Built on adequately drained foundations or 
crushed rock and surfaced with finer material 
compacted by rolling, such macadam roads are 
a great improvement over those with dirt founda- 
tions only, with possibly a surfacing of stone 
imbedded in the underlying soil. 

The building of any considerable mileage of 
good roads in the United States dates from the 
advent of the automobile, for the effective opera- 



Fig. 859. An imlmproved road near Brookings, South Dakota, about 1904. Such roads imposed great limi- 
tations on travel and fastened isolation on the rural districts. (Courtesy of the Public Roads Administration.) 
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Fig. 360. A superhighway, the Pennsylvania Turnpike, looking east at the Bedford Interchange, midway 
between Harrisburg and Pittsburgh, where direct connection with United States Route 220 is made, about 
two miles north of Bedford. (Courtesy of the Pennsylvania Department of Highways ) 


tion of which continuous stretches of hard-sur- 
faced highways are necessary. Therefore, since 
the turn of the century, accompanying the 
greater use of motor cars, there has been an 
enormous increase in the number of miles of all- 
weather roads. They are likewise being built 
wider, with heavier surfacing, and cement is 
winning increased favor for construction, with 
the greater demands imposed by the steadily 
growing loads hauled. Each year we now spend 
well over $1,000,000,000 for their building and 
maintenance. 

The newer main highways are commonly 100 
feet wide and have at least two traffic lanes, 
occasionally they reach widths of as much as 
200 feet, with four or more lanes. Some of recent 
construction, like many of the earlier highways, 
are toll roads, for the saving in time, fuel, and 
wear may more than offset the charges levied 
for their use. An outstanding example of these 
newer highways is the Pennsylvania Turnpike, 
which extends east 159 6 miles from Irwin, a few 
miles east of Pittsburgh, to Middlesex, a few miles 
west of Harrisburg. Its construction was designed 
to facilitate the flow of traffic by elimination of 
curves, grade crossings, and the barrier of the 
Appalachians. This was accomplished by build- 


ing 110 miles of straight highway, 50 miles of 
easy curves, by-passing all towns, elimination ot 
all road, street, and rail intersections, and con- 
struction of 6.7 miles of ventilated tunnels, which 
save 9000 feet of vertical climb. Except in the 
tunnels, where but two in number, there are foul 
traffic lanes, with additional short, parallel, paved 
roadways to allow admission of interchange traffic 
from intersecting main north-south arterial high- 
ways, as shown in Fig. 360. This likewise shows 
the provision made for parking cars off the pave- 
ment Built at a total cost in excess of $70,000,000, 
this IS a toll highway, the charge for operating a 
passenger car over its entire 159 6 miles being 
$1 50 and, for the round trip, $2.25. Smaller 
tolls are levied for shorter distances. The Penn- 
sylvania Turnpike has proved very popular, 
travel now being over 10,000 vehicles each Sun- 
day, and heavy at other times. In fact, it has been 
so successful that plans are being made for its 
extension east to Philadelphia and west to the 
state hne. 

Each year witnesses construction of additional 
mileage of new and better roads, though even in 
the prewar period we had 50 per cent of all 
surfaced highways, on which operated 75 per 
cent of all automobiles in the world. In all, there 


Fig 361 Top Part of the Manhattan connection of the Tnborough Bridge project, with the East River 
Dri\ e at tlie right, looking toward midtown skyscraper;. In the foreground is the Bronx, ahead to the left the 

Boiough o£ Queens ’ 

Bottom. The two-level concrete-paved East River Drive, with a third level serving as an esplanade (Photo 
by McLaughlin Air Service, Courtesy of the New York City Depaitment of Parks. ) 
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were moie than 538,328 miles of state highway, 
with 80 per cent of this mileage surfaced, in 
addition to 2,535,777 miles of dirt roads, most of 
which aie fully as good as some of the so-called 
‘‘automobile roads” in many other parts of the 
world such as China. 

In addition to the Pennsylvania Turnpike 
which has been described, we already have 400 
miles of thoroughly modern highways in the New 
York metropolitan area, Los Angeles and Pasa- 
dena are linked by the AiToyo Seco Parkway and 
Los Angeles has the Cahuenga Pass Freeway; 
San Francisco has a system which includes the 
San Francisco Bay and Golden Gate bridges with 
their approaches. Farther east, Chicago’s best 
example of a thoroughly modern highway is the 
Outer Drive, Detroit’s, the Woodward Avenue 
superhighway; and Cleveland’s, Bulkley Boule- 
vard. 

It is now proposed to improve our existing 
system of overland transportation by construc- 
tion of a 34,000-mile network of express high- 
ways at an estimated cost of $35,000,000,000, 
with the work to be spread over a period of from 
10 to 20 years. These highways are to be 300 feet 
wide, with four ti’affic lanes, no cross traffic, no 


heavy grades, no sharp curves, and an unob- 
structed view ahead of at least 800 feet. As 
planned, belt lines will allow cities to be by- 
passed if desired; m the cities, the highways will 
be either elevated or depressed, preferably the 
latter. Highway terminals will also be provided 
in the larger urban centeis, with near-by, pri- 
vately operated parking garages. If carried 
through to completion, this construction will 
produce a revolution in transportation 

In China, by contrast with conditions in the 
United States, there are, even by the most liberal 
estimates, only about 40,000 miles of automobile 
roads and, for the entire population, but 45,000 
cars. This number includes trucks, motorcycles, 
busses, and all other gasoline-propelled vehicles. 
This is only about one car for each 10,000 per- 
sons. In China, most roads are still narrow and 
poor, much as they were in this country many 
years ago. 

Modern highways are not only useful in times 
of peace, but they are also of great importance 
m times of war and, in Germany for one coun- 
try, they have been deliberately constructed for 
military use, much as m the days of the Roman 
Empire. The same is true for some of the great 
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Fig. 362. A proposed express highway system for the United States. 






Fig 36S The old Chesapeake and Ohio Canal, with tow paths on either side. Though carrying much 
freight during its early history, it is today used but little, for it has been supplanted by the rail line which here 
paiallels its course in the Potomac Valley (Courtesy of the Baltimore and Ohio Railroad.) 


highways of India, particularly those of the 
northwestern frontier. 

River and Canal Transportation The possibil- 
ity of utilizing rivers for transporation must have 
been discovered very early in the history of the 
human race, and logs and rafts must have served 
to aid travel and for moving freight in very 
ancient times. Even use of canals or artificial 
waterways is of long standing, for they were 
employed in both Egypt and China at least 
several hundred years before the time of Chi'ist. 
It is believed, for example, on the basis of reports 
by both Herodotus and Strabo, that the Egyp- 
tians cut a canal to join the Nile and the Red 
Sea, between 616 and 521 B.C. This waterway 
was 37 miles long, 100 feet wide, and 40 feet 
deep, and thus of dimensions to float boats of 
considerable size. Similarly, the southern part of 


the Grand Canal, which connects the Yangtze 
Valley with the North China Plain, was con- 
structed in the sixth century before Christ, and 
its northern extension was completed early in the 
Christian era. 

For centuries there has been a splendid system 
of artificial waterways in Holland and many miles 
of canals in most of the other countries of western 
Europe. Some of these date back to the time of 
the Roman Empire, most of them, however, are 
of more recent construction, and some have been 
built during the present century. The epidemic 
of canal building reached its peak during the last 
part of the eighteenth and the early part of the 
nineteenth century, when roads were poor and 
railroads were unknown. Though today of much 
less importance than at the time of their con- 
struction, these early artificial waterways in their 
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time played an important part in the development 
of the areas they served, for they were a great 
improvement over the other means of transporta- 
tion of that period. Hence their use loweied costs 
of carriage of goods materially. In fact, it is prob- 
able that, except for their existence, the large- 
scale development of industry which resulted 
from their use in England would have been 
impossible. 

Movement of goods by canal has the obvious 
disadvantage of slowness, both because of time 
lost in passing through locks and the fact that 
high speeds cannot be maintained, since damage 
to the banks would result from wash caused by 
boats in transit. During the period when over- 
land trade was carried by pack animal, cart, and 
wagon, when land movement of freight was if 
anything even slower than by canal, this fact 
was not important and canals met all competition 
successfully. 

In the United States, the canal-building mania 
occurred a few years later than in western Europe, 
including Great Britain. Early construction of 
several short canals along the Atlantic seaboard 
proved so profitable that the building of longer 
artificial waterways to link the drainage of the 


interior with that of the Atlantic seaboard soon 
followed during the first part of the nineteenth 
century. The most notable of these longer water- 
ways was the Eiie Canal, with the Chesapeake 
and Ohio also of considerable impoitance. For a 
shoit period, these canals, like those of western 
Em ope, seived a useful purpose. During the 
later years of canal building, however, rail con- 
struction and the introduction of steam in trans- 
portation made such serious inroads on their busi- 
ness that they iell into gradual disuse. This was 
true even of those such as the Erie, ^ now the 
New York State Barge Canal, on which enormous 
sums were spent for improvement. Rivers like- 
wise fell into increasing disuse as rail tiansporta- 
tion extended, and especially as it improved. 
The history of canal const! uction and river use 
has been considered more fully in Chap. XVII, 
to which the student is referred. 

Railroads The ''civilizing rails’" are a develop- 
ment of but little more than a century. The first 
railroads built were designed to move coal from 
the mines to water highways in England, their 
function as passenger carriers developed some- 
what later. Prior to their construction, coal had 
been transported, first by pack animals, then by 



Fig. 364. The steel motorship Edgetoater, loaded witli 2000 tons of Lake Erie gravel, en route to New 
York City, on the New York State Barge Canal, tlie modern successor of the old Erie Canal. Even after 
extensive improvement at enormous expense, the present canal carries relatively little freight in normal 
times, for it must meet rail competition (Courtesy of the New York State Barge Canal Commission.) 


TRANSPORTATION 


527 



Fig. 365. The ‘Atlantic"' locomotive of 1832 and the coaches built by Richard Imlay, the Pullman of his 
day. This was the first locomotive to enter tlie nation's capital, in 1835 Trains of that time operated on strap- 
iron tracks fixed to wood rails, tliose shown above are the rails of today. ( Courtesy of the Baltimore and Ohio 
Railroad ) 


carts, and later by wagon But even with these 
improvements, hauling costs remained high. To 
reduce them, wooden rails were introduced; 
later, to decrease wear, these were protected by 
strap iron, and, in 1794, short cast-iron rails were 
installed. Despite these changes, animals still 
furnished the motive power and it was not until 
1804 that an engine was used, even experiment- 
ally. The first of these early locomotives to 
piove commercially successful was that of Steph- 
enson, which was tried out in 1814. With subse- 
quent improvement, this became the father of the 
modern locomotive. The first railroad, the Stock- 
ton and Darlington line, was opened in 1825, 
but this was used only for carrying coal. By 
1834, however, passenger trafiic had been in- 
augurated and thereafter rail construction spread 
rapidly. 

Development of railroads in the United States 
paralleled that in Great Britain. The first cars 
operating on rails, used in hauling both freight 
and passengers, were drawn by horses; not until 
May 21, 1830, was steam used for motive power. 
This innovation was prompted in part by favor- 
able reports fiom England and by waterway com- 
petition, particularly that of the Erie Canal, 


opened in 1826. The first locomotives were but 
little superior to horses for motive power. In fact, 
in a race between "Tom Thumb,” the first 
American locomotive built, and horses, the latter 
won. Nevertheless, the race demonstrated the 
value of the locomotive to an extent that the 
potential superiority of steam was recognized, 
and shortly thereafter it displaced other forms 
of motive power on American railroads. 

From these small beginnings has developed 
the present railroad system of the United States, 
still the primary reliance for travel and trans- 
portation by land, except for short distances or 
under specially favoring conditions. From 23 
miles in 1830, raihoad mileage increased to 2818 
by 1840, and to 9021 by 1850, at which date all 
except 80 miles in Louisiana were east of the 
Mississippi River. Then, as railroads were ex- 
tended westward and gaps in the eastern systems 
were closed by additional construction, mileage 
nearly doubled each decade until 1890, by which 
time there were 163,597 miles, not including 
parallel, yard, and siding tracks. The maximum 
mileage, excluding double trackage, was attained 
m 1930, with 249,052 miles m all. Since that date, 
there has been a loss, if double trackage is ex- 
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eluded. At the beginning of 1940, the total mile- 
age had dropped to 235,064, as a result of earlier 
overbuilding and the competition of new forms 
of transportation. Despite this fact, there is no 
equivalent set of rails elsewhere m the world. 

Accompanying this growth of mileage, Amer- 
ican railroads have improved steadily and in- 
creased m efficiency. In 1939, they moved 34,- 
102,759 cars and 1,636,215,034 tons of freight 
333,438,412,000 revenue ton miles. During the 
same year they also earned 450,372,553 passen- 
gers 22,641,334,222 passenger miles. During the 
war, despite critical shortages, even these re- 
markable records were surpassed. The speed of 
freight trains has stepped up steadily, for exam- 
ple, it is today 62 per cent higher than it was in 
1921. This speeding up of freight movement 
saves business millions of dollars each year in in- 
ventories alone, and this benefits all. At the same 
time, both freight and passenger rates have 
decreased, which results in other savings. Un- 
fortunately, as a result of increased labor and 
material costs, this trend has been interrupted, at 
least temporarily. 

Passenger service has also been bettered. On 
the first rail lines, travel was slow, uncomfortable, 
and dirty. Each decade, particularly of late, has 
witnessed some elimination of these former ob- 
jectionable conditions. Roadbeds have improved; 
in many cases, rails are now welded in mile-long 
sections which makes it impossible to measure 
tram speed by counting wheel clicks at rail joints. 
Both make riding smoother, as well as having 
other advantages. Only a few years ago, passen- 
gers closed all car windows and doors and en- 
dured as best they could, and engine crews 
provided themselves with wet sponges to protect 
their lungs from smoke and gases in tunnels; 
today, this is no longer necessary where electrifi- 
cation has occurred. 

The most recent improvement is the use of 
Diesel-powered locomotives, a development of 
the past 15 years. These power plants move air- 
conditioned, closed tubes of stainless steel, with 
double-paned, hermetically sealed windows of 
shatterproof glass, which whisk passengers across 
the country at speeds undreamed of in the early 
days of lailroading. Only 115 years ago, it took 
John Quincy Adams 45 hours to travel from 
Washington to New York and required six 
changes en route. This was rapid travel at that 
time. Today, one can make the same trip 226/3 


miles any day in slightly under 4 hours at a cost 
of less than $5 00. 

In addition to hauling passengeis, Diesel- 
powered locomotives have also found general 
acceptance in many switching operations because 
of their low costs for operation and maintenance, 
and because smoke is objectionable in cities. 
Modern freight trains no more resemble those of 
the past than do those which carry passengers. 
Engines have increased in powei, cars in size, 
and trams have grown in length Pickup and 
delivery services have been instituted to serve 
shippers; livestock in transit is fed and watered; 
and hogs may even have shower baths on hot 
days, by use of sprinklers on sidetracks. 

In considering our rail lines and their future, 
it is well to bear in mind that, despite develop- 
ment of improved highways and other means of 
transporting passengers and moving freight, the 
railroads still constitute the backbone of our 
transportation system. Therefore, in planning 
effective means for keeping the lifeblood of in- 
dustry moving, they should be accorded the posi- 
tion to which they are entitled by their impor- 
tance. 

With development of navigable interior water- 
ways, improved roads and rail lines, particularly 
of the latter two, transportation has become an 
important economic activity, employing large 
numbers of workers, both directly and indirectly. 
For example, development of the automobile in- 
dustry in the United States, made possible by 
improved highways, gives employment to several 
milhon workers in occupations unknown less than 
50 years ago. The rapid extension of rail lines 
during the last three-quarters of the nineteenth 
century functioned similarly during the preceding 
50 years, and it is probable that the last half of 
the twentieth century will bring changes which 
may have even more far-reaching effects than any 
which have occurred up to the present. 

Mechanized Road Transport and the Modern 
Motor Car. Extensive mechanization of road 
transport characterizes the third important and 
latest stage in the evolution of land transportation. 
The first began with invention of the wheel and 
its application to carts and wagons, the second, 
with use of the steam locomotive on railroads, the 
third, with mechanical propulsion of vehicles on 
highways, development of the present-day auto- 
mobile, and construction of systems of surfaced 
roads. 
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Fig. 366. Top A modem streamlined tram, the ‘"Capitol Limited/' crossing the Potomac River 
at Harpers Ferry. This all-Pullman tram, which operates overnight between Chicago and Washing- 
ton, IS hauled by a twin unit 3600 HP Diesel- electric locomotive. (Courtesy of the Baltimore and 
Ohio Railroad ) 

Bottom. A modern freight tram en route to the coal pier at Lambert Point, Norfolk, Virginia. On 
arri\'al at the “dumper” at the pier, the cars are lifted mechanically and tlieir contents dumped into 
the holds of vessels at the rate of 2000 tons an hour, ( Courtesy of the Norfolk and Western Railway. ) 


The first mechanically propelled vehicles to 
be operated on highways were powered by steam 
engines, experimentally as early as 1769, and 
commercially in England by 1830. Though some 
of these attained speeds of 12 to 15 miles an 
hour and were able to carry as many as 15 passen- 
gers, they were unable to meet rail competition 
successfully, partly because of the poor roads of 
that time. Mechanized highway transportation 


therefore did not assume importance until much 
later, with invention of the internal- combustion 
engine and its adaptation for automobiles. By 
1885, Carl Benz had built the first successful 
motor car in Germany, and Panhard followed 
shortly with a second in France; soon others 
were built elsewhere. Production of these cars 
represented the beginnings of the automobile 
industry in Europe. 
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At about the same time, American inventive 
genius was experimenting with horseless car- 
riages, and by 1900 a considerable number weie 
operating on the roads. Though these were the 
torerunners of the present streamlined product, 
they were a strange and heterogeneous lot, for 
each represented what its inventor thought a mo- 
tor car should be. Patterned after the carriages of 
that day, some retained the curved dashboard 
of the buggy, even though not the socket for the 
no-longer-needed whip Ail had so much road 
clearance that it was easy to “get out and get 
under,'’ frequently necessary in those days. Some 
were powered by steam, others by storage bat- 
teries, but most of them used gasoline engines. 
Both chain and gear drives were employed, for 
the motor car was m its experimental stage, with 
bicycle-repair men, machinists, engineers, and 
amateurs testing out ideas. Sometimes these cars 
ran at fair speeds and sometimes they refused 
to move, when they operated, they heralded the 
fact audibly. 

In those days, even the most used and impor- 
tant roads were generally poor. Over portions of 
the main highway between Detroit and Chicago, 
for example, there were many stretches where 
speeds in excess of 6 to 8 miles an hour could 
not be maintained without disaster. Because of 
the frequent deep ruts in these earlier roads, it 
was necessary to use wheels of large diameter 
and to have considerable road clearance. How- 
ever, as ownership of cars increased, public 
demand forced highway improvement and de- 
velopment of our present network of hard-sur- 
faced roads. 

Much of the earlier experimentation with 
“horseless buggies” occurred in the Middle West, 
particularly in southern Michigan and immedi- 
ately adjoining areas. Thus the present industry, 
which originated from these small beginnings, is 
still concentrated in that region, with Detroit as 
its center. Though the automobile industry was 
not an offshoot of earlier industries but an inde- 
pendent development, with increase in its im- 
portance and decline in that of the manufacture 
of carriages and their parts, many factories were 
converted to produce wheels, bodies, and parts 
for automobiles, and some even embarked on the 
manufacture of complete motor cars. In connec- 
tion with the manufacture of automobiles, pro- 
duction of other types of motor-driven vehicles 
such as busses and tractors of various types de- 


veloped somewhat later, generally in separate 
plants, but quite commonly under the same man- 
agement 

Concentiation of the automobile industry in 
southeastern Michigan worked great change in 
that part of the state, particularly in the urban 
centers. Detroit, a pleasant residential city of 
only 285,704 inhabitants in 1900, almost doubled 
m size dming each decade up to 1930, by which 
date its population was 1,568,662. During these 
same decades, some of its suburbs grew even 
more remarkably, with the result that the present 
population of metropolitan Detroit is approxi- 
mately 2,000,000. During this period of rapid 
growth, what had earlier been farm land was 
shortly within the city limits, and fields and pas- 
tures gave way to private residences, apartment 
houses, stores, and office buildings. Flint, Pon- 
tiac, Lansing, and other near-by urban centers 
enjoyed equal or even more phenomenal growths. 
Flint, for example, with a population of only 
13,103 in 1900, became a city of 156,497 inhabi- 
tants by 1930. 

The advent of the automobile worked great 
changes in transportation during this same period, 
1900 to 1930. Short-haul passenger traffic by rail 
disappeared almost completely, destroyed by the 
greater convenience and flexibility of piivate 
automobiles and commercial bus lines. More- 
over, the busses, which increased steadily in 
numbers, size, and comfort, cut into the longer 
hauls as well, for within recent years it has be- 
come possible to travel almost anywhere by busses 
which operate on regular schedules from well- 
equipped terminals at rates the rail lines cannot 
meet, because they must acquire and maintain 
a right of way. Interurban lines also lost such a 
large fraction of their revenue that many v/ere 
forced into bankruptcy, and streetcar lines were 
affected to the extent that most of them operate 
v/ith little or no profit in normal times. Not only 
did bus lines and piivate cars affect passenger 
traffic, but trucks operating on the improved high- 
ways made serious inroads on rail revenue derived 
from hauling freight, in fact to an extent that 
the rail lines have in many cases added trucks 
to their equipment to recapture the business. 
It is well to remember in considering the bene- 
fits derived from hauling by truck, that these are 
made possible only by highways built and main- 
tained by the taxpayers, in other words, that the 
trucks are subsidized by the state. 
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Fig. 367 Three stages in the evolution of the modern motor car. The 1901 chain drive Oldsmo- 
bile shown above was essentially a buggy powered by a motor, even down to its body with a curved dash, 
but the 1902 Cadillac at its right shows indications of departure from this earlier design. In the 1947 
Cadillac at the bottom, resemblance to the buggy has disappeared completely. (Courtesy of the General 
Motors Corporation. ) 


Ocean Transpoitation When man first put out 
to sea in ships is uncertain, but navigation of 
coastal waters, with sailings from headland to 
headland, occurred very early, certainly long be- 
fore the birth of Christ. By the time of the 
Phoenecians, a people hving at the east end of 
the Mediterranean, long sea voyages had become 
relatively common, for these people visited 
Britain and are supposed by some to have cir- 
cumnavigated Africa. Among the Greeks and 
Romans, though used more for war than com- 
merce, vessels propelled by oars and driven by 
sails were likewise employed in carrying sea- 
borne trade. During this same period that naviga- 


tion was developing in the quiet waters of the 
Mediterranean, the populations of northwestern 
Europe were also taking to the stormier seas of 
the North Atlantic and making extended voyages, 
assumed by some to have carried them even to 
the shores of the New World. 

Following discovery of the New World by 
Columbus in 1492 and rounding of the Cape of 
Good Hope by Vasco da Gama, who reached 
India May 20, 1498, new opportunity for de- 
velopment of sea-borne trade opened up and 
commerce increased rapidly. During this early 
period of ocean navigation, however, vessels 
were all small and driven by sail. Even the cele- 
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brated East Iiidiamen, the finest vessels of about 
1840, did not exceed 1500, with many not more 
than 1000 tons in size. They also had buff bows 
and heavy sterns which made them slow sailers. 
To remedy this shoitcommg, American ship- 
builders designed the clipper, the first boat of 
this type probably being the Rainbow, launched 
in 1845. These vessels made much faster time 
because of the shape of their hulls, the Great 
Republic, launched in 1853 and one of the largest 
sailing ships ever built, making the crossing from 
Sandy Hook to Land’s End in 13 days. The days 
of supremacy of the clipper, however, were short, 
for they were soon driven from the seas by the 
more efficient steamship. 

The first to achieve commercial success in at- 
tempts to use steam for the propulsion of ships 
was Robert Fulton, whose Clermont made the 
round trip from New York to Albany, a distance 
of 300 miles, in 62 hours in 1807. These early 
steamships were driven by paddle wheels, later 
superseded for ocean-going vessels by sciew pro- 
pellers, though still used on river boats. The 
honor of first crossing the Atlantic by steam is 
claimed for several vessels, but whichever it may 
have been, it occurred about 1825. 

All the earlier ships were of wood construc- 
tion, but it was not long after development of the 
steamship that the superiority of iron was recog- 
nized and, shortly thereafter, vessels increased 
rapidly in size. During and subsequent to this 
same period, iron was supplanted by steel, and 
power plants underwent great change, the most 
recent development being introduction of the 
Diesel engine, which burns oil and adds greatly 
to the effectiveness of modern shipping by re- 
quiring less fuel space. Today, 20 per cent of 
the total ocean tonnage of the world operates 
with this type of equipment. 

Not until conquest of the oceans by cargo 
carriers of considerable size, able to operate at 
fair rates of speed, was development of any con- 
siderable trade between countries or sometimes 
even between parts of the same country possible, 
for freight rates on all hauls by land are and 
must remain high, so far as can be foreseen at 
present. Therefore present-day commerce is a 
development of but slightly more than a century. 
Cheaper than land transportation because no 
investment in right of way but only in terminals 
is required, carrying enormous tonnages with 
relatively small capital outlay and low labor 


costs, using a highway which connects all the 
lands and is open throughout the year, ocean 
transportation of the present has worked a revo- 
lution in our ways of life. 

Air Transportation Man’s ''conquest of the 
atmosphere” has been achieved by the use of 
craft both heavier and lighter than the lower air, 
each type having certain advantages, but with 
the former assuming ever greater relative im- 
portance. 

Balloons were first made practicable for com- 
mercial use by discovery of hydrogen, today dis- 
placed by helium where available, because of its 
nonmflammability. By 1763, invention of the bal- 
loon net, safety valve, and ripcord made possible 
the flights of the Montgolfier brothers in France. 
The first passenger flight by balloon across the 
English Channel was in 1785, but this and other 
early ventures were made with nonrigid gas en- 
velopes which could not be steered. The earliest 
rigid-type airships of commercial importance 
were the Zeppelins, the first of which was built 
in 1900; in 1929, the 771-foot long Graf Zeppelin 
circled the world. Several of these rigid-type 
ships were built in the United States, but de- 
velopment of heavier-than-air machines able to 
fly has diverted much of the former interest from 
them. 

Man apparently attempted to soar with wings 
in very early times, or he at least contemplated 
its possibility, for the mythology of many peoples 
contains tales of flights such as that of Icarus, 
who drowned in the Icarian Sea, a part of the 
Aegean Sea near Samos, when he flew so near the 
sun that his wings of wax melted. Today, what 
was foimerly only a possibility has become a 
reality with gliders and, even more successfully, 
by use of the modern airplane. The first to per- 
fect a mechanically propelled heavier-than-air 
machine weie the Wright brothers. Beginning 
their experiments several years earlier, they flew 
for the first time on December 17, 1903, remain- 
ing in the air 12 seconds. Even as late as 1905, 
however, people refused to credit it and their 
flights attracted little attention in the papers. 
This was because the belief that the "laws of 
gravitation could not be repealed” had been 
preached so assiduously by reputable scientists 
that it was almost impossible to secure a respect- 
ful audience for tales of flight by a heavier-than- 
air machine. In fact, it was not until September, 
1918, that the foiinal demonstration at Fort 



Fig 368, Top. The lower end of Manhattan Island and tlie America, a modern ocean liner. To the right 
is the East River; to tlie left, the North or Hudson River In the foreground, the Battery and the Aquarium 
may be seen, with the towering office buildings of New York in the background (Courtesy of the American 
Lines. ) 

Bottom Ocean-going freighters of moderate size in the harbor at Tampa, Florida. ( Courtesy of the Tampa 
Chamber of Commerce, ) / r 
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Fig. 369. Top^ A stratocruiser of the Northwest Airlines, a four-motor Boeing 377 with a wing spread 
of 141 feet, 3 inches, a gross weight of 135,000 pounds, a cruising speed of 300-350 miles per hour, an operat- 
ing range of 4200 miles, an operating altitude of 25,000 feet, and a ceiling of 30,000 feet This low- wing, 
two-deck passenger transport, with comfortable seats for day^nd roomy berths for night travel, has standard 
accommodations for 80 day passengers, or as a luxury sleeper, accommodations for 65 day passengers: 30 
berths and 14 lounge chairs In transcontinental operation, it has a crew of five, in transocean, one of seven 
The all-cargo version can carry a load of 39,000 pounds ( Courtesy of Northwest Airlines. ) 

Bottom: A giant 'Var bird,’' the Boeing B-29. 
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Meyer before a crowd of less than 1000 persons 
laid at rest all doubt that the ''impossible’' had 
at last been accomplished. Since that date, de- 
velopment has been rapid. Today, regular air 
lines operate between all our larger cities and 
between them and other parts of the world Army 
fliers have crossed the United States from Bur- 
bank, California, to La Guardia Field, New York 
City, in 4 hours, 34 minutes, and 35 seconds. 
Stratolmers make regular runs fiom New York 
to Los Angeles in 15 hours and from Los Angeles 
to New Yoik iii 13)2 hours, flying at 19,000 feet 
01 moie, where high speeds can be maintained 
because of the thin air. Not only do lines operate 
over the land, but over the water as well: be- 
tween North and South America; across the 
Atlantic to Europe, and over the Pacific to east- 
ern Asia. Today, Lisbon is less than 10 hours, 
Moscow is only 23 hours, Buenos Aires 25 hours, 
and Chungking, China, only 30 hours by air from 
New York City. Even faraway Brisbane, Aus- 
tralia, is but 35 hours distant. By the time this 
reaches the reader, they may be even closer in 
point of time, though not in actual distance. So 
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rapid is the change in air transport that even 
siipei sonic speeds are reported to have been 
attained. 

Planes also increase steadily in size. Exceed- 
ing other planes in operation, at least up to the 
present moment, is the Consolidated Vultee 
Clipper, which will cairy 204 passengers and 
15,300 pounds of baggage and mail. With air- 
conditioned cabin, it will opeiate at elevations 
up to 30,000 feet, where air resistance is low, 
with a cruising speed of 342 miles an hour and 
a cruising range of 4200 miles Such develop- 
ments indicate the probability that "flymg box 
cars" will soon be bringing the products of distant 
lands, such as out-of-season fruits, to most of our 
urban centers. 

Expansion of air transport has been so rapid 
that La Guardia Field, completed m March, 1940, 
is already inadequate and a new airport, the 
Jamaica Idlewild project, is to be constructed on 
Long Island at an estimated cost of $30,000,000 
for runways alone. In all, there will be 12 of these, 
which will theoretically provide for 5760 landings 
and takeoffs each 24 hours. 




Fig. 370. A j'et-propelled fighter plane, the Lockheed P-80B. 
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Fig 371. Present and projected routes of the American ‘merchant marine of the air There are no 
distant lands today, for aerial highways link the lands. ( Base by courtesy of Air-Age Education Research. ) 


With increase of air travel, rates have de- 
creased. At present, when all costs are included, 
it IS not much more expensive to travel by air 
than by some other means; sometimes it is even 
cheaper. For example, the proposed rate from 
New York to London is $148, the time required, 
13 hours and 40 mmutes; from New York to 
Buenos Aires, $190.50, the time, 25 hours; from 
California to Hawaii, $96, the time 8 hours. 

To operate airlines effectively over either land 
or water it is necessary to have advance informa- 


tion concerning the weather which will be en- 
countered during flights. This information is 
likewise of great value for other purposes. This 
has led to a great increase of interest in weather 
forecasting during the past few years. 

The development of improved means of trans- 
portation not only removes the protection for- 
merly afforded by wide expanses of water in times 
of war, but it likewise introduces defense prob- 
lems in times of peace, for disease and insect 
pests which were not serious problems in former 
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Fig 372. A graphic representation of the shrinkage of the world with improvement of transportation 
during the past hundred years. 


days now travel by air, and so rapidly that they tant step forward, for it facilitated internal land 

thi eaten to take us unawares. The net result of communication and enabled assembling of goods 

air navigation, however, is beneficial, for any at seaboard points for shipment across the oceans 
conquest of distance is to man s advantage, quite which connect the lands. Today, man not only 
apart from the fact that new employment is moves by land and water, but he navigates the 
afforded to workers. air as well, so that he is able to span the stretches 

Each new development in transportation has of either land or water which separate him from 
brought distant lands closer, lessened isolation, his fellows in other parts of the world in a 
and increased the interdependence of the world’s small fraction of the time required less than 25 
populations. F or long, transportation was by land years ago These changes in methods of travel 
only and, in the earlier days, both slow and and transportation have opened up new possi- 
painful. Movement of goods was then difficult bilities and introduced new problems. The possi- 
and expensive, and local self-sufficiency was the bilities are those of travel to and of obtaining 
rule. Then man learned to navigate the oceans the products of many lands expeditiously; the 
effectively, which soon increased his knowledge problems are those arising from removal of the 
of the extent of the inhabited world and per- older isolation. These are problems both of times 
mitted trade in the products of distant areas, of peace and times of war. They confront us 
many previously unknown. At the same time, now and they press for immediate solution. If 
methods of moving goods by land improved with they are not met effectively, the results of this 
the building of railroads and the construction of sudden change in the space relationships of the 
hard-surfaced highways. This marked an impor- world’s populations may well be disastrous. 
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QUESTIONS AND EXERCISES 


1. What were some of the earliest supplemental de- 
vices employed by man to facilitate travel by 
land? 

2 Report on the Mound Builders and the con- 
struction of the pyramids of Egypt. Where is 
man still a beast of burden? Why? 

3 What animals has man pressed into his service 
to hghten his labors? Discuss the use and im- 
portance of each. 

4 Which came first, tlie use of wheels or sleds'^ 
Where are sleds still used? Why^ 

5. Describe the evolution of the wheel and wheeled 
vehicles Why are wheels of large diameter 
sometimes desirable^ Where are carts with such 
wheels still used? Why^ What effect did intro- 
duction of the wagon have on wheel sizes 
Why^^ 

6. Who were the first great road builders^^ De- 
scribe their roads and state their uses. Why are 
good roads important^ What was the condition 
of European roads after the decline of Rome? 
What were the conditions of travel at that time^ 

7. Contrast early American roads and the condi- 
tions of travel at that time with those of the 
present. 

8. When were canals first used^ Where are they 
used extensively today? Why were they more 
successful at an earlier date than at present? 
Describe American canal construction 

9. State the early history of railroad development 
Where did railroads originate? Trace die de- 


velopment of raihoads and rail equipment in 
the United States 

10 How has de\ elopment of other methods of 
transpoitation affected our rail lines? Is this ad- 
vantageous^ Why^ 

11 What development marks the third and latest 
important stage m the evolution of our present 
land-transportation system^ When was the au- 
tomobile introduced^ Why is the automobile in- 
dustry of the United States concentrated in the 
Middle West? 

12. What effects has the automobile industry had 
on the area where it is concentrated? On the 
United States? On employment? On the rail- 
roads? 

13 When did ocean navigation have its beginnings? 
Wheie? What were the early ships like? After 
what events did ocean navigation increase rap- 
idly in importance? Why? 

14. Describe shipping in the days of sail. Describe 
the evolution of the modern steamship. Why is 
ocean navigation so important? 

15 What two types of craft are in use for naviga- 
tion of the air? Which of the two is more im- 
portant today? Trace its evolution. 

16 Why does tlie trip from San Francisco to New 
York by stratoliner take less time than the one 
in the reverse direction? 

17 Report on our “merchant marine of the air.” 

18 What problems has air navigation introduced? 
Are they important? Why? 
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chapter ThiHtj-Eight 
COMMERCE AND INDUSTRY 


The Development of Commerce. Commerce, 
or the exchange of goods on an extensive scale, 
js an economic activity of relatively recent de- 
velopment, for such trade involves both pro- 
ducers of important surpluses, the sellers, and 
desires which lead to acquisition of such sur- 
pluses by others, the buyers. Further, it necessi- 
tates the possibility of movement of commodities 
from the place of then* origin to the markets 
where they are in demand. Neither of these basic 
requirements for the effective development of 
commerce existed during the earlier stages of 
man’s development. In fact, it is only within the 
past one and one-half centuries that conditions 
have been favorable for the existence of large- 
scale trade as we know it today, and not every- 
where even during that period. Thus commerce 
during the time when the known Western world 
was confined to areas around the Mediterranean, 
though important for that period, was small in 
amount by comparison with the present-day flow 
of trade. 

So long as man was a nomadic hunter only 
and, even later, when pastoral pursuits or primi- 
tive agriculture afforded his support, his few 
wants were met, in either major part or com- 
pletely from local resources. Even had they been 
more numerous, they could not have been ade- 
quately satisfied by exchange, for most of the 
time only a bare sufficiency of commodities and 
products to meet the most pressing needs was 
available and, when a rare surplus of these 
existed, it was never large. Such are the condi- 
tions which still exist in those parts of the world 
occupied by similar populations today. Hence 
the inhabitants of such areas supply but a negli- 
gible percentage of the goods handled in world 
trade. Further, even had surpluses been available 
among these earlier populations, the facilities for 


carrying on commerce were lacking so that no 
important trade could have resulted. Commerce, 
indeed, may be regarded either as a by-product 
of improved means of transportation or these 
means may be considered to have been developed 
as a stimulant to trade. Probably cause and effect 
have had reversed relationships m different cases. 

The Basis for Commerce The basis for com- 
merce is the existence of surpluses and deficits. 
Therefore trade develops between areas with un- 
like types of production. Thus industrial areas 
may depend on those where agriculture is im- 
portant for food; agricultural regions on others 
from which manufactures can be secured. Simi- 
larly, the peoples of the higher latitudes draw 
upon the tropics for those commodities they 
cannot produce or which they cannot produce to 
advantage; those of the tropics, upon interme- 
diate latitudes for the products of the cooler parts 
of the earth. Again, trade will normally develop 
between areas with different types of industrial 
development. To institute important trade be- 
tween areas with the same exportable surpluses is 
therefore difficult. This is one problem confront- 
ing us at the present moment in dealing with 
some of the countries of South America, one for 
which no satisfactory solution has been devised 
as yet. 

In part at least, present surplus production 
is a result of increased specialization, today 
made possible by ability to satisfy accompany- 
ing deficits by import. For this reason, many 
foimerly self-sufficient areas have become deficit 
regions in commodities they formerly produced 
locally. For example, where plantation agricul- 
ture invades the tropics, concentration on a single 
commercial crop often makes it necessary to im- 
port food for the workers, formerly supplied 
locally, but no longer available since their ener- 
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gies have been diverted to other types of pro- 
ductive activity. On many of these plantations, 
it is true, theie is considerable supplementary 
agriculture. Thus, on the former Ford holdings in 
the Amazon basin, the attempt is made to meet 
local demands for food in part by cultivation of 
manioc, from which farina is made, and many 
vegetable ciops. However, tropical plantations 
as a gioup must import foodstuffs. 

Commerce is likewise affected by the cultures 
of populations, for these affect both desiies and 
the possibility of satisfying them. Thus trade 
between the United States and China during 
eailier times was handicapped by the fact that we 
had little to offer which the Chinese desired, in 
exchange for the tea, silk, and other merchandise 
we wished to obtain. Even today, the trade be- 
tween China and the balance of the world, though 
huge m total amount, is small when the enormous 
number of Chinese is considered. Hence, though 
the total foreign trade between China and other 
parts of the world had a total value of about 
$3,000,000,000 in 1926, when trade was undis- 
turbed and noimal, this was only slightly more 
than $6.00 per capita. Such a small amount per 
person results in part from cultural conditions 
in China. 

Cultural Drfferences and Trade, The culture 
of a population group affects its needs and thus 
the demands imposed on commerce. Less ad- 
vanced populations export raw materials and im- 
port manufactures, industrialized areas import 
food and export manufactures. These conditions 
influence the general nature of the present trade 
between Chma and the United States. In view ot 
the fact that Chma is developing rapidly, we are 
told that there is a great opportunity to increase 
sales of machinery to the Chinese. However, 
subh trade must be temporary only, for differ- 
ences in culture disappear, and eventually China 
will become a competitor in the sale of manu- 
factures. This has already occuried in Japan. 
Only a few years ago largely importers of factory 
equipment, in normal times the Japanese flood 
the markets of the world, including those of the 
United States, with fabricated products, made at 
such low costs that we find it difficult to meet 
the competition successfully. 

Relation of Exports and Imports, Commerce 
involves an exchange of commodities. Therefore 
exports and imports must be equal in value for 
trade to be stable, or there must be a transfer 


on something of value of some other type to 
offset the difteience. In trade with underdevel- 
oped aieas, this becomes very obvious, a decline 
in expoits being accompanied, either immedi- 
ately or very shortly thereafter, by a decrease 
in imports. Between more advanced populations, 
however, an excess of imports over expoits in 
the trade between two countries may persist 
for many years, because of the more complex 
conditions surrounding the commeicial relations 
of highly developed areas. 

Transportation and Trade Without effective 
means of transport, important commerce is im- 
possible, for even though surpluses are available 
for exchange and deficits in these same commodi- 
ties exist elsewhere, it is impossible to move 
them from the producing areas to those of 
potential consumption, except as transport is 
available. This is true as regards both internal 
exchange and commerce between distant re- 
gions. 

Much, though not all internal trades, must be 
moved by overland routes This makes good 
roads and an effective railway system desirable 
Where these are lacking, exchange is handi- 
capped. This IS the case in Chma, where good 
roads are few and rail lines are nonexistent in 
many areas, particularly in the south and south- 
west. By contrast, western Europe and the 
United States have both good roads and rail 
lines and trade is highly developed. Complete 
dependence on interior waterways, either natuial 
or artificial, is unsatisfactory, for though they 
may supplement other means of moving freight 
more or less effectively, they are inelastic and 
subject to other limitations as well. This is mani- 
fest in Chma, where waterways afford the most 
effective means for handling much of the freight 
traflSc. 

In trade between distant areas, either parts of 
the same or of different countries, or across the 
seas between the continents, the ocean is the 
great highway which carries most of the traffic. 
This is a comparatively recent development 
which has been considered in the preceding chap- 
ter. The efficiency of these loiites has been 
greatly increased of late years by artificially link- 
ing the oceans by canals such as those which 
cut across the isthmuses of Suez and Panama. 
This has facilitated the flow of merchandise 
greatly by decreasing the length of haul neces- 
sary. Now, for example, it is no longer necessary 
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Fig 373. Important trade routes of the world The relative importance of these routes and the amount 
of freight they carry is mdicated by the thickness of the lines. 


for shipping from western Europe to round the 
Cape of Good Hope to reach southern and east- 
ern Asia, and, similarly, the long and hazardous 
trip around Cape Horn may be avoided by use 
of the Panama Canal. 

Trade Routes. The most important trade routes 
of the world are concentrated in intermediate 
latitudes because the necessities of their popula- 
tions and the diversity of the products used are 
greater there than elsewhere. This is in part a 
result of natuial conditions and partly because 
of the greater development of those parts of the 
earth's surface, with their Western industrial 
civilizations. The effect such development in- 
troduces is illustrated by the transformation 
which has occurred in Japan during the past half 
century. Earlier, a self-sufficient country supply- 
ing practically all her own needs, and with no 
important foreign trade, industrialization con- 
verted the Island Empire into one of the impor- 
tant commercial powers of the world, dependent 
for prosperity on the free exchange of goods with 
outside areas. It was, in fact, this need for the 
raw materials and markets of other countries 
which prompted the imperialistic ventures of 
Japan on the Asiatic mainland and elsewhere 
within recent years, with such disastrous results. 
This transformation produced a marked change 
in Japanese life and the outlook of the Japanese 
people within less than a human lifetime. Able 


to provide for her own needs and reluctant to 
open her doors to tiade with others except undei 
heavy restrictions less than a centuiy ago, m fact 
refusing to do so until forced by the American 
navy, economic strangulation today confionts the 
country if commerce is cut off. 

Not only are the great trade routes of the 
world concentrated in intermediate latitudes, ex- 
cept as they must cross the tropics to pass from 
hemisphere to hemisphere, but they are of maxi- 
mum importance in the North Atlantic, between 
the highly developed areas of western Europe and 
eastern North America. Though of lesser impor- 
tance elsewhere, their relative importance has in- 
creased greatly of late years in both the Pacific 
and Indian oceans, particularly in the former, 
accompanying recent development in southern 
and eastern Asia, where half of the present popu- 
lation of the world lives. 

Changes of Trade Routes. Changes in the flow 
of trade result not only from increased develop- 
ment of areas such as those of eastern Asia, but 
as well from demands for new products and 
discovery of new souices of supply for others 
of longer use. Displacement of the earlier rubber 
supply of the Amazon basin by that of the East 
Indies, for example, caused a shift in freight 
movement. Similarly, discovery and exploitation 
of new supplies of a mineral like petroleum will 
produce equivalent change. In addition, inter- 
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ruption of normal trade, as by war, causes trade 
routes to alter. 

Again, new and better means of transport 
often produce modification or even abandonment 
of older routes Thus discovery and use of ocean 
highways have virtually eliminated use of many 
formerly important overland tiade routes be- 
tween Europe and Asia. Further, greater efiS- 
ciency of ocean shipping has made longer travel 
without the necessity for frequent stops to take 
on coal a possibility and, though this has not 
always produced marked changes, it has made 
many minor alterations of the loutes over which 
commerce moves Perhaps the most significant 
changes which have occurred of late have re- 
sulted from recent developments in air naviga- 
tion, for the merchant marine of the air can 
follow great-circle routes, undeterred by the in- 
terposition of land or masses of floating ice. 
Hence it may be that future air trafiic will follow 
new paths in times to come, even over the frozen 
wastes of the Arctic and Antarctic, in an en- 
deavor to shorten the length of flights, especially 
between parts of North America and western 
Europe, and probably eastern and southern Asia 
as well. 


Furnishing employment to relatively few at 
the beginning of the nineteenth century, com- 
merce today engages the time and energy of 
many. Some are employed in the production 
of equipment to move and the actual transport 
of commodities, others, in the building, mainte- 
nance, and operation of terminal facilities which 
have been developed to handle the continually 
growing volume of trade. Further, with increas- 
ing development almost everywhere, the num- 
ber of persons employed increases appreciably 
year by year as new types of freight become 
available for shipment, and new demands afford 
additional markets for both products handled 
previously and otheis for which use has been 
discovered only recently. It is hazardous to 
prophesy, but the probability is good that we are 
only at the beginning of the era of exchange. 

The Beginnings of Industrial Development 
In very early times when his numbers were few 
and population was widely scattered, man was 
a ‘'Jack of all trades,” for he was forced by neces- 
sity to provide for all, or piactically all, his wants 
without assistance from others. Soon, however, 
he began to live in groups of larger size, in which 
some individuals developed skills in the produc- 



Frc 374. The pottery at Pottertown, western Kentucky. The factory, workers, and the product, all of 
which is marketed by wagon within a few miles of the plant. 
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tion of certain articles which were in demand by 
all. Thus it may have been that one or more 
members of the group attained more than ordi- 
nary pioficiency in fashioning arrowheads and 
stone tools; others developed the ability to make 
pottery better than any produced by their fel- 
lows. Simple as this production was, it may 
fairly be considered the rudimentary beginning 
of industry, as distinguished fiom hunting, fish- 
ing, pastoral pursuits, agriculture, and other 
economic activities. However, these were doubt- 
less spare or at most only part-time occupations 
foi many generations, since demand for the 
articles made was small within the limited areas 
where exchange was possible, and no methods 
for extending them were available, at that time. 

Later, with expansion of the known world, 
discovery of new sources of supply and new 
kinds of raw materials, often better than any 
afforded locally, made available materials which 
could be used advantageously in the manufac- 
tures of that time. This expansion of the area 
within which trade could be transacted likewise 
made marketing of production possible on a 
scale hitherto unknown. In these earlier ventures 
in manufacture, man himself furnished the power 
needed, for utilization of the eneigy of falling 
water was unknown, and neither the steam en- 
gine nor other modern sources of power were 
available. 

With increase in the volume of trade, as more 
and more distant lands were visited and their 
products were made available, specialization of 
occupation became ever more pronounced and 
the beginnings of present industrial development 
assumed recognizable form. This development 
was hastened by the use of water power and 
particularly accelerated by invention of the steam 
engine. However, though introduction of power 
alone made modern industrial development pos- 
sible, it is still fair to consider industry the off- 
spring of commerce, for until it was possible to 
assemble raw materials from many sources and 
market the production over equally extensive 
areas, all industry was perforce limited in both 
kind and volume. 

Many of our great industrial plants of the 
present have developed from very ummposing 
begmnmgs. For example, according to R. M. 
Kier, the parent factory of the great American 
Optical Company of the piesent day at South- 
bridge, Massachusetts, was so small it was oper- 


ated by the power supplied by a stream of such 
limited flow that it often dried up dming the 
summer months, at which times a horse was used. 
Once, indeed, a Negro was employed at 10 cents 
an hour to take the place of the horse. 

Though most of these smaller mills and fac- 
tories have not developed into large-scale enter- 
prises, and many have disappeared completely, 
enough have survived to illustrate the often small 
beginnings of many of our larger industrial 
plants of the present. In many parts of the world, 
however, as in China for example, most "Tac- 
tories” are still small enterprises using little power. 
Thus Chinese potteries may operate without its 
use, except as supplied by the foot of the potter 
who turns the Uhle on which the clay to be 
fashioned lests. Similarly, lumber is often sawed 
by hand; macaroni is made in workshops, and 
many other products are manufactured in equally 
simple plants. In the less highly developed parts 
of the United States, there are likewise small- 
scale industries dependent entirely on local raw 
materials and local markets for sale of their pro- 
duction, much as in the days when all industry 
was carried on in similar plants, with limited 
numbers of workers. 

Industry and Other Economic Activities. In the 
more densely populated and highly developed 
parts of the world, no single economic activity 
engages the energies of the inhabitants to the 
exclusion of all others, for development of any 
one affords opportunity for other forms of gainful 
employment. Industrialized areas are therefore 
not necessarily different from others, except that 
manufactures assume greater relative importance 
than elsewhere, to the extent that they are domi- 
nant. Even where this occurs, however, it is 
often true that other activities may be of great 
actual, even though locally of small relative 
importance. 

Factors Affecting Localization of Industrial 
Development. Occasionally, one factor only may 
appear on superficial consideration to constitute 
the basis for the industrial development of a given 
area, though this must rarely if ever be true. 
For example, effective manufacture of lumber 
cannot develop except where forests grow, yet 
many forested areas have no important lumber 
manufacture. Similarly, iron ores alone will not 
ensure an won and steel industry, clays, the 
manufacture of pottery; granite, an output of 
quarry products. In practice, therefore, not one. 
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Fig 375. A Tampa cigar factory, where clear Havana cigars are made by hand Here, the sex of the 
workers is immaterial, but they must be skilled, m other factories where machines are used, this is not funda- 
mental (Couitesy of the Tampa Chamber of Commerce.) 


but ordinarily a combination of several favoring small ventures may continue to exist as small- 

factors serves as the basis for industrial develop- scale enterpiises for considerable periods of time 

ment of any importance. Though in the following in the absence of effective competition from with- 
consideiation of the various factois which are out. Some, which later increase in size and enter 

important in contributing to the possibility of outside markets with their products, may suc- 

concentration of manufactures, each is discussed ceed, provided not too badly handicapped by fac- 

sepaiately, it should be borne in mind that they tors not considered at the time the location of the 

do not m practice operate singly, but in com- pb'int was chosen, others fail when forced to meet 

binations, and that, unless several are favorable more favored competitors m either wider mar- 

the probability of extensive industrial develop- kets or those of limited near-by areas. Even those 

ment is ordinal ily slight. which succeed may be handicapped, because 

Human Choice and Industrial Development, not located more advantageously, but in sites 
Many of our present industries have developed chosen without due consideration of all the facts, 
from very small beginnings in locations deter- Raw Materials and Industrial Development. 
mined by the place of residence of the individuals Industry draws on farms, quarries, mines, forests, 

who started the enterprises. In their initial stages, and other sources for the raw materials which 

they needed only limited amounts of power, rela- permit it to function. Access to such materials is 

tively little raw material, few workers, and mar- therefore necessary and, the more readily acces- 

kets for the production were largely local. Such sible they are, the more favored is industry^ 
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provided other conditions are satisfactory. 
Therefore milling tends to locate near sources of 
gram; packing plants w'here hvestock is avail- 
able; the lumber industiy in forested areas, and 
others in comparable locations vi^ith reference 
to a supply of the materials used. 

However, not all industries are affected to the 
same extent, for when the amount of raw ma- 
terial needed is small, its lack as a local resource 
may be relatively unimportant, for costs of trans- 
portation from distant sources may be negligible, 
and other favoring factors may more than offset 
the minor disadvantage of having to import. 
Thus the cotton textile industiy is important in 
England, New England, and Japan, though no 
cotton is grown in any one of these areas. By 
contrast, when the volume of raw materials re- 
quired is large, and their value per unit of weight 
is small, profitable industiial use is normally con- 
fined to those areas where they can be secured 
at low costs for transportation. This is true, for 
example, in the iron and steel industry, profitably 
developed in parts of our own country where raw 
materials are available, but supported only with 
government subsidy in Japan, where a satis- 
factory local supply of iron ore is lacking and the 
available coal is poor for use in blast furnaces. 
Further, it should be realized that other factors, 
as well as accessibility of raw materials, are im- 
portant. These may include shipping qualities of 
raw materials and products, relative costs of trans- 
porting raw materials and finished pi eduction, 
power requirements, and others, for all play a 
part in localizing industrial development. Seldom, 
indeed, does consideration of one factor only lead 
to wise decision on any point. Certamly this is 
true with lespect to locating an industrial plant. 

Water Supply and Industrial Development, 
All types of industry use water, but needs as 
regards both quantity and quality vary greatly. 
For cooling only, it may be of any quality if not 
acid, but for use in steam boilers it should be free 
from both suspended and dissolved mineral mat- 
ter. Where it is an ingredient of mixtures used 
in manufacturing processes, the quality required 
varies with the industry. For example, production 
of the finer grades of white paper necessitates 
use of a supply of better quality than is tolerable 
for making brown wrapping papeis; in the manu- 
facture of chemicals and drug products, it may 
even be necessary to use distilled water, smce 
few natural waters are sufficiently pure. 


Therefore, in locating new manufacturing 
plants, the chaiacter of the water supply should 
be considered, foi an adequate volume is always 
necessary, and, though purification is possible, 
it adds to production costs Early industrial de- 
velopment in the United States was confined al- 
most entiiely to areas which had good natuial 
waters and, because of the importance of this 
factor, the direction of expansion since that date 
has been influenced by the nature of the water 
supply of the areas into which the various types 
of industry have spread. 

Labor Supply and Industry. The location of 
many industries is related, at least in considerable 
part, to the piesence of a satisfactory labor sup- 
ply. Sometimes favorable conditions in this re- 
spect involve only an adequate reservoir of labor, 
again, theie must be a supply of skilled labor. 
Often the sex of the workers is important, again, 
it is of no consequence, varying with the in- 
dustry. 

Thus certain industries may be widely diffused, 
insofar as labor supply affects their location. In 
the manufacture of cigars by machine, for ex- 
ample, power requirements are small, raw ma- 
terial can be shipped in at slight cost, and only 
an abundant supply of labor, at best but slightly 
skilled, is necessary. Therefore machine-made 
cigars are produced in numerous localities The 
same is true for many other manufactures such 
as knit goods. By contrast, the manufacture of 
fine shoes and machine-shop products requires 
skilled workers. Therefore these industries are 
concentrated in more limited areas, where reser- 
voirs of skilled labor are available. 

This often tends to perpetuate certain indus- 
tries in the areas of their origin, where accumu- 
lated capital adds advantage, even in the face of 
manifest handicaps such as lack of coal, easy 
access to necessary raw materials, and of nearness 
to consuming markets. This is, of course, always 
provided power requirements are not too large, 
the volume of raw materials needed is not too 
great, and the finished product is high in value 
but small in bulk. Industries of this type include 
those such as the manufacture of clocks, watches, 
firearms, fine machinery, fine textiles, and other 
products of similar character. 

Other Factors and Industrial Development 
Other factors which affect industrial develop- 
ment include climate, culture, capital and gov- 
ernment. The fact that all highly industrialized 
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areas are located in intermediate latitudes is 
probably more than accidental, for the stimu- 
lating effects of certain climates is generally con- 
ceded, even though not all may agree with the 
more extreme views as to their influence. 

The culture of a population group is likewise 
important. Thus, where long-established social 
practices tend to create preference for agiiculture 
rather than mining or industry, the initiation of 
the latter may be difficult, on the other hand, 
where employment in factories is preferred to 
tilling the soil, industrial development is facili- 
tated. 

If a large-scale, factoiy type of industry is to 
develop, much capital is necessary, for such an 
organization of industry requires expenditures 
of large sums before either production or returns 
can be secured Therefore poor areas are handi- 
capped in starting industrial production, even 
where other conditions are favorable. This handi- 
cap will confront the Chinese if they attempt to 
develop industries based on natural advantages 
afforded by the country. 

Again, the attitude of government is some- 
times very important. Thus in Japan, where gov- 
ernmental encouragement, extending even to 
subsidies, was the rule in the past, industrial 
development was favored. By contrast, where 
punitive laws discouraging enterprise and initia- 
tive are enacted and enforced, or where govern- 
ment itself enters as a competitor, mdustry is 
hampered, sometimes to an extent that the compe- 
tition of other areas cannot be met successfully. 
It IS, of course, true that legislation alone cannot 
ensure industrial development, but only favor or 
prevent it. However, when government is hostile, 
and at the same time lacking in stability, capital 
is reluctant to venture, despite favoring natural 
conditions, and industrial development ap- 
proaches zero, without much probability of any 
increase. 

Transportation, Markets, and Industrial De- 
velopment. Extensive industrial development 
cannot occur in the absence of an adequate trans- 
portation system, which is necessary for both the 
assembly of vital raw materials and the distribu- 
tion of finished products. Such facilities are com- 
monly lacking in sparsely populated areas. 
Further, important markets for manufactured 
products exist only where people live in consider- 
able numbers. Hence industrial development 
tends to be concentrated in these same areas. 


Though it is true that all highly industrialized 
areas are densely populated, not all densely popu- 
lated areas are characterized by a great develop- 
ment of factory industry, for this is limited to 
regions with Western types of economic activities. 

The extensive industrial development of the 
present would have been impossible anywhere, 
even as short a time ago as the beginning of the 
previous century. At that time, therefore, all 
industrial plants were relatively small, produc- 
tion was limited, and markets were restricted, 
much as they are today in countries such as 
China. Only where the rail net is adequate, effec- 
tive means of internal movement of goods by 
water may be available, highways are geneially 
good, access to seaboard is assured, and markets 
aie thereby accessible, is development of a high 
degree of industrialization possible even today. 
Thus western Europe, eastern United States, 
southern Japan, and limited areas elsewhere 
which enjoy these advantages, are the major 
centers of Western-type industrial development 
of the present. 

The Iron and Steel Industry. This industry is 
basic in present Western industrial civilization, 
for it not only supplies the raw material used for 
fabrication of much of the equipment necessary 
in other economic activities and articles used in 
everyday life, but it produces as well the steels 
for making machine tools which permit produc- 
tion of the equipment of modern industrial plants. 
Therefore change and improvement m the manu- 
facture of iron and steels, and in the fabrication 
of products from them, have far-reachmg effects 
on all members of society. 

During the past one and one-half decades, 
there has been greater improvement in steels than 
in any previous period of equal length, and at 
the same time prices have been lowered, with 
a temporary reversal of that trend of late. Today, 
steels are stronger, have better drawing proper- 
ties, are more resistant to corrosion, and aie 
usable at higher temperatures than m the past. 
These improvements have resulted from develop- 
ment of special types for different uses, each 
better in some of the particulars mentioned. The 
most dramatic change of the past few years has 
been the increased use of alloys, produced by the 
addition of small quantities of some other metal. 
Thus we have stainless steel which resists cor- 
rosion, nickel steel which is tough and ductile; 
tungsten steel from which tools that will retain 
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sharp cutting edges when red-hot are made; 
vanadium steel which has a fine gram; and sev- 
eral others. The most important o£ the substances 
added is manganese, used not only to produce a 
special steel, but as a deoxidizer and desulphur- 
izer. In all, there are approximately 600 of these 
alloys, about 65 per cent of which are of great 
importance. 

Not only have steels improved, but great 
progress has been made in production methods. 
Coke is now made largely m by-product rather 
than beehive ovens, which permits saving sub- 
stances such as tar, crude light oil, ammonium 
sulphate, benzol, and toluol. Blast furnaces have 
almost doubled in size and increased in efficiency, 
steel mills have improved even more, with the 
electric furnace, which permits efficient control 
of high temperatures and oxygen supply, the 
latest development. Improvement, however, has 
been greatest in the rolling mills, where con- 
tinuous rolling now permits performances hither- 
to impossible and at the same time reduces labor 
costs. Despite the preceding depression years, the 
capacity of the iron and steel industry of the 
United States was 65 per cent greater in 1940 
than peak production during the First World 
War, and the industry employed 20 per cent 
more men than during 1930 Since 1940, there 
has been a comparable expansion of productive 
capacity, which should contribute substantially 
to the welfare of society. 

Location of the Iron and Steel Industry Manu- 
facture of iron and steel, so fundamental m our 
type of civilization, affords an excellent example 
of the part several factors may play in influenc- 
ing the location of a specific industry. In the case 
of the iron and steel industry, these are location 
of lion ore, coal, and markets for the production. 
The common statement that u*on ore moves to 
coal to be smelted has a certain measure of truth, 
but if the attempt is made to explain the location 
of certain blast furnaces such as those of the 
Chicago area on that basis, it becomes apparent 
that it is at best only a half-truth. It probably 
arises from the fact that, though it requires only 
h to 1/2 tons of coke to smelt a ton of iron ore, 
variable with the ore, conversion of pig iron to 
steel requires use of more coal, so that the total 
consumption of coal to convert the ore to steel 
frequently makes it advantageous to smelt the 
ore in or near the coal fields, where the market 
for pig iron exists. In the final analysis, however. 


location of the market for the pig iron, for the 
steel made from it, and for fabricated steel prod- 
ucts, has an important effect on the distribution 
of the non and steel industry. The fact that three 
factors in all enter to influence the exact location 
of the industry introduces several possibilities, 
variable with the relative location of the iron 
ore, the coking coals, and the markets for the pig 
iron, steel, and fabricated products. If all occur 
together, the best location for the industry is 
obvious; if they are separated, the exact location 
of the industry will vary with the particular com- 
bination of conditions. But markets will always 
be important. Therefore iron ore will not always 
move to coal, sometimes, as in the Chicago area, 
both move to the market. 

The Major Industrial Areas of Europe These 
are located in one of the world’s three great 
concentrations of population. This affords an 
abundant labor supply, as well as one highly 
skilled, and an important local market for the 
production, in both the industrialized area and in 
near-by predominantly agricultural regions. 
Further, natural conditions and certain aspects of 
the cultural environment favor industrial devel- 
opment in this part of the world. 

Both iron ores and coal suitable for smelting 
them are present on the continent in western 
Europe, in Great Britain, and to the north of the 
Black Sea in the U.S S.R. A highly developed 
transportation system, both rail and waterway, 
permits assembly of the raw materials necessary 
as the basis for the heavy industries and distribu- 
tion of their production. Sometimes, indeed, the 
producing areas of western Europe are at sea- 
board so that ores from Spain and Sweden may 
be obtained by cheap water transport, to supple- 
ment local supplies if necessary, and production 
can be marketed to advantage in similar fashion. 
Even though not at seaboard, the highly devel- 
oped system of interior waterways links many 
inland points with ocean transport so effectively 
that the interior location is no great handicap. 
In the Soviet Union, where present industrial 
development is somewhat less important, the 
heavy industries are made possible by smelting 
the iron ore of the Krivoi Bog district by use of 
coal from the Donets basin. 

An abundance of coal affords the possibility 
for development of power, and the products of 
the blast furnaces and steel mills supply raw ma- 
terial and thus opportunity for other types of 
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Fig 376. Major industrial regions of Europe This map is drawn on the assumption that geographical 
conditions rather than political considerations will, over any extended period of time, deteimme the localiza- 
tion of industry 


manufacture. Extensive development of indus- 
try means employment for many, both in cities 
and on farms, where intensive types of agricul- 
ture are profitable because of the demands of 
near-by urban markets for the yields of these 


types of production. Further, these industrialized 
areas are adequately served, not only by a net- 
work of waterways and rail lines, but by good 
roads as well. In addition, they have adequate 
facilities for overseas shipments of exports to 



Fig. 377. Iron from the blast furnaces on its way to the steel mill at Zaporozhe, a steel-manufacturing 
center of the U S S R., on the Dnieper River, where the Knvoi Rog iron ore is smelted by use of coal from 
the Donets Basin. ( Courtesy of Sovfoto. ) 
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other lands. Because of the many favoring factors, 
these industrialized areas are the home of both 
dense and advanced populations. 

Though the prewar pattern of industrial de- 
velopment in Europe has been disturbed by the 
war and subsequent regulation of enterprise, the 
changes produced have not altei'ed the general 
location of production. Moreover, it is highly 
probable that much of the change now contem- 
plated may be abandoned rather soon. Though 
it is possible, of course, to regulate production 
by administrative edict, such regulation, except 
as made necessary as a means of protection from 
aggression, is manifestly undesirable, for it inter- 
feres with use of opportunity offered by environ- 
ment and has many manifest disadvantages. 
Therefore it is to be hoped that it will be neces- 
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sary to impose arbitrary restrictions on industry 
for only a limited period of time. 

The Industrial Regions of the Orient, There 
are several widely dispersed industrialized areas 
m Asia, but that of Japan is the most important 
at present. The Japanese center extends from 
northern Kyushu, the southern island, up the 
coast of the mam island, Honshu, to slightly 
north of Tokyo. In this relatively short and very 
attenuated area are concentrated most of the 
industiial plants of importance in Japan, all 
handicapped to some extent by a late start, but 
likewise benefiting from being able to profit 
from the experience of others and thus to avoid 
many losses incident to the experimental stages 
of industry elsewhere. The heavy industries are 
in the south, in northern Kyushu. Here are located 



Fig 378 The major industrial areas of Asia 
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the great Yawata iron and steel works which 
smelt a large fraction of the iron ore and make 
most of the steel produced in Japan, using im- 
ported ore and some imported coal. Farther north, 
m the Osaka area, are the largest textile mills m 
Japan, and plants for the fabrication of steel prod- 
ucts. Still farther north, in and around Tokyo, pro- 
duction IS more diversified. To a considerable ex- 
tent, Japanese industrial development is without 
a substantial basis, for the iron and steel industry 
lacks locally available supplies of essential raw 
materials and therefore its existence is possible 
only with government operation and subsidy. 
Only the textile industries, the most important 
of all, enjoy any marked advantages and, even 
for them, most of the raw material used must be 
imported. Other industrial plants such as paper 
mills, potteries, breweries, and service enterprises 
are of secondary importance only, and most fac- 
tories, except textile mills, iron and steel plants, 
and a few others such as shipyards, aie small 
and employ relatively few workers. The war and 
subsequent regulation will have little or no effect 
on the location of Japanese industry, but may 
alter its character materially, principally by 
elimination of most of the heavy industries. 

In both China and India, industrial develop- 
ment IS in its infancy and confined to restricted 
areas. In India, the iron and steel industry has at- 
tained considerable importance in the Calcutta 
area, where the Tata Iron and Steel Works, repre- 
senting an investment of $100,000,000, are re- 
puted to be the largest single plant in the British 
Empire, as well as a very low cost producer of 
pig iron from near-by deposits of iron ore. As m 
Japan, however, the textile mills m the Bombay 
and Calcutta areas are the most important of the 
industrial plants of India at the present time. 

In China, important present industrial develop- 
ment is limited to the coastal regions, with the 
textile industries dominant. This is a logical de- 
velopment, for climate permits growth of cotton 
and this, in combination with the huge local 
market, affords a substantial basis for the indus- 
try. In the future, however, it is possible that 
the heavy industries, already of considerable im- 
portance in Manchuria, will assume greater rela- 
tive importance, for China has enormous reserves 
of high-grade coal which have been virtually 
untouched as yet. 

Other industrialized Asiatic areas of great po- 
tential promise are those of the U.S.S.R., in 


Siberia, a development of recent years. The 
Soviet Union probably ranks second only to the 
United States in the variety and value of its 
mineral resources, and these are now being de- 
veloped rapidly to serve as the basis for industry. 
Already there is important steel production at 
Stalmsk, formerly known as Kuznets, where the 
furnaces have a capacity equal to those of Mag- 
nitogoisk, nearly 1500 miles to the west. New 
mills are also in operation on the lower Amur 
and at Tashkent, with still others planned for 
future construction. These developments are part 
of a planned movement to shift vital centers of 
pioduction to the Urals and their east where they 
will be more centrally located and less vulnerable 
to attack. One of the results of the war has been 
to speed up this shift, which will have far-reach- 
ing effects on the economy of the Siberian pos- 
sessions of the U.S.S.R. 

Industrial Regions of the United States. Ur- 
banization always leads to development of certain 
service industries, such as bakeries, and fre- 
quently to that of some of slightly different char- 
acter, such as assembly plants. However, the 
more important basic industries tend to concen- 
trate m limited areas of greater advantage. 
Therefore many urban centers are of commercial 
rather than industrial importance. Thus, in the 
United States, the most important of the indus- 
trialized areas are all east of the Mississippi River 
and, with a few exceptions, the most notable 
of which is the Birmingham district, north of the 
38th parallel of latitude. This has resulted from 
the disposition of natural resources, particularly 
of iron ores and coal, transportation facilities, 
including those of our inland seas, the Great 
Lakes; and the agricultural desirability of this 
part of the United States, with its population of 
high per capita purchasing power. This affords 
local markets for industrial production, in addi- 
tion to that made available in faraway areas by 
contact with the sea. Still other factors such as 
the course of settlement and the Civil War have 
also played a part in localizing industrial develop- 
ment in the United States. 

Not all parts of this vast area are alike as re- 
gards type of industrial development. Some, in 
southeastern Pennsylvania, the Pittsburgh dis- 
trict, and around Gary and South Chicago, are 
characterized by heavy industries; others in the 
vicinity of Buffalo, by chemical plants; still 
others, m the Detroit area and west of Lake 
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Michigan, by automobile factories and others 
fabricating steel products. In southern and south- 
eastern New England, by contrast, light indus- 
tries such as textile mills, shoe factories, machine 
shops for making fine machinery, and others of 
similar character are typical. In still other dis- 
tricts, as around New York City and along the 
route of the New York State Barge Canal, the 
manufacture of shirts, collars, and clothing as- 
sumes importance and, in certain limited areas 
farther west, furniture, dairy, and other miscel- 
laneous products become characteristic. Where 
these lighter industries develop, it is often true 
that the favorable factors which influence their 
location are the presence of a reservoir of labor 
and nearness to markets rather than accessibility 
of raw materials. 

Southern New England, an Industrial Area, 
Southern New England is a land of cities and 
villages, for nearly 84 per cent of the total popu- 
lation of Connecticut, Rhode Island, Massachu- 
setts, and southeastern New Hampshire live in 
incorporated places of 2500 or more inhabitants, 
and an additional 13 per cent in smaller com- 
munities. In Rhode Island, where this distribu- 
tion is most pronounced, less than 1.5 per cent 
of the population live on farms. This has not 


always been so, for the early colonists attempted 
to wrest a hving from the soil. Soon, however, 
they realized that this would be difficult, for soils 
are frequently thin, poor, and stony, except in 
a few favored locahties; slopes are often steep; 
and climate restricts the number of crops which 
can be grown profitably. 

When the early settlers looked toward the sea, 
however, they saw opportunity for fishing; nu- 
merous harbors afforded shelter for fishing craft; 
and forests furnished the material for their con- 
struction. Therefore shipbuilding early assumed 
importance, to be followed by trade in fish and 
forest products in exchange for those of the other 
colonies and of areas across the seas. This led to 
assembly of raw materials of types suitable for 
manufacture. Then power possibilities resulting 
from glaciation tempted building of small fac- 
tories which were the beginnings of the indus- 
trial entei prises of the present, and their associ- 
ated trade. This advantage of an early start has 
been an important factor in the present indus- 
trial development of New England, for movement 
of a plant once it is located is accompanied by 
difficulties and not common in the absence of an 
extremely compelling reason. Further, in areas 
where certain types of manufacture have been 
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Fig. 380. Manitowoc plant of the Whitehouse Milk Company, Manitowoc, Wisconsin. In the dairy 
region of southern Wisconsin there are not only many plants such as the one shown above, which produces 
milk products, but others as well which manufacture the equipment and machinery used m the dany indus- 
try. (Courtesy of the Manitowoc Chamber of Commerce.) 


established for long periods of time, workers for 
these same plants, or for new enterprises produc- 
ing the same types of goods, are easy to sec ire 
from the reservoir of trained labor which accumu- 
lates under such conditions. It is doubtless true 
that, if sites for certain New England indnstiies 
were to be selected today, without taking into 
account the advantages which have accrued from 
an early start, other locations would be chosen 
for them. 

The Civil War worked a revolution in the eco- 
nomic life of New England. The people turned 
from the sea to the land for support, even though 
it still refused any great opportunity, except 
where industrial development was possible, but 
that possibihty was widespread, for small power 
sites were numerous, and coal could be obtained 
from relatively near-by areas. Further, blankets, 
uniforms, firearms, ammunition, and other manu- 
factures were in great demand during this period, 
for even then equipment was necessary to win 
battles. Whether the right was on the side of the 
North may be a matter of opinion, but it is cer- 
tainly true that the factories were, and sale of 
their products brought a flow of money to New 
England towns. This development of industry 
tempted movement from farm to city, where a 


better living could be secured with less effort 
than on many of New England's agriculturally 
unpromising hillsides, which had to compete with 
the better lands of the interior. This was the be- 
ginning of a movement which, with brief inter- 
ruptions, has been in progress ever since. Later, 
these industries were protected by tariff walls 
which assured a large share of American markets 
to New England producers. Of late, it is true, 
some of the mill towns are far from piosperous, 
for many plants have shifted south to take ad- 
vantage of more favorable labor conditions and 
legislation. 

Typical production of the New England indus- 
tries is of small bulk but high value, articles in 
which the cost of raw materials is relatively small, 
but the value added by manufacture is consider- 
able. This must be so because raw materials 
used are largely imported, and even the coal used 
to generate much of the power must be moved 
for some distance. Further, many of the markets 
for the products of the factories are distant. 
Therefore what the New England manufacturer 
sells is the product of skilled labor, and the price 
he secures in larger part represents the wages 
of labor, plus a return to management, and inter- 
est on the capital invested. 
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Fig. 382. Top. The Rouge Plant of the Ford 
Motor Company, located on the Rouge a short dis- 
tance above where it flows into the Detroit River, 
which shows in the background This location makes 
it possible to bring in lumber, iron ore, limestone, 
coal, and other raw material by water for discharge 
at tlie docks adjoining the blast furnaces and else- 
where, for the Rouge penetrates to the heart of the 
site This plant, which employs 86,000 men, is the 
largest integrated, privately owned, industrial enter- 
prise in the world. Coveiing nearly 2 square miles, it 
includes coke ovens, blast furnaces, open-hearth fur- 
naces, an electric furnace, rolling mills, forging shops, 
tool and die shops, and other units for the fabrication 
of steel products In addition, there is a cement mill, 
a tire factory, a paper mill, a box factory, a glass 
manufacturing plant, and others, plus 14 miles of 
roads and 92 miles of railroad to serve all. Indicating 
the importance of water supply in industry, this plant 
uses as much water as would a city of more than 
2,000,000 inhabitants. In the center of the view above 
are the coke ovens; to their left, the blast furnaces; 
beyond them are the tall stacks of the power house, 
the largest private power plant m the world. To the 
right of the large gas storage tank are the open-hearth 
furnaces. Included among the other buildings are as- 
sembly plants and even a hospital and a trade school 
The rotunda and office building are in the foreground; 
at the extreme right are some of the parked automo- 
biles of the workers. 

Bottom. A blast furnace at the River Rouge Plant of the Ford Motor Company The cars are designed to 
carry molten iron from the blast furnaces to odier parts of the plant. ( Courtesy of the Ford Motor Company ) 
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Boston, with a population of 769,520 in 1940, 
is the hub of industiial New England. Within 
a radius of less than 30 miles, in what may be 
termed the Boston “agglomeration,’’ live nearly 
2,500,000 people, more than 25 per cent of all m 
New England, many m communities with coales- 
cing limits. In this area, which produces one- 
third of the nation’s shoes, the leather goods and 
shoe-making industries dominate, though there 
are also many others, for this is a region of diversi- 
fied production. Surrounding this coie area, and 
extending from Lowell and Lawrence on the 
Lower Merrimac to Fall River, Massachusetts, 
is a belt in which the manufacture of textiles, 
both cotton and wool, assumes great importance. 
This industry, securing an early start because of 
sources of powei, a favorable climate, and the 
existence of capital willing to venture, was pro- 
tected later by the initial investment and high 
tariffs. Possibly, too, as Huntington suggests, the 
stimulating character of the New England cli- 
mate may have contributed to the perpetuation 
of this and other industries in the aieas of their 
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origin. Of late, however, with dwindling immi- 
gration, growth of labor unions, and new social 
legislation, some of the former advantages have 
been largely offset and migiation to the South 
has occuiied, to profit from both less repressive 
legislation and more favorable labor conditions. 
Still faither to the west and southwest of Boston, 
extending south fiom Springfield, Massachusetts, 
machine shops, brass, and hardware manufactur- 
ers replace those nearer the Boston center. Prod- 
ucts include watches, clocks, tools, firearms, 
needles, pins, and similar articles. There is a 
curious grouping of economic activities in this 
belt, for not only does it supply fireaims, but 
Hartford is the location of headquarters for many 
of the large insurance companies. 

Zonal Arrangement of Indiistiies Elsewhere. 
This zoning of industries is not confined to New 
England, for a similar arrangement may be ob- 
served in many other areas, including southern 
Michigan. There, in Detroit itself, the manufac- 
ture of complete automobiles is most important; 
in the peripheral portions of the hub area, auto- 



Fig. 383. Final assembly Ime of the Ford Motor Company. As cars travel down the line past the work- 
men, each performs a few simple operations, or adds one or more parts, until the finished car rolls off as 
shown above. Such methods of production make American factories lead all others in the cheapness of their 
products, despite the high wages paid. (Ford News Bureau Photo.) 
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mobile parts are of greater relative importance. 
Then, sunoundmg this central portion, is a belt 
of diversified manufactmes including chemicals, 
furniture, paper, and other products. Beyond, 
on the margin toward Chicago, where the prod- 
ucts of the blast furnaces and steel mills of Gary 
and South Chicago are readily available, fabri- 
cation of iron and steel products assumes im- 
portance. This zoning is likewise in considerable 
part a by-product of the presence of labor trained 
in certain pm suits. 

Postioar Industrial Areas in the United States 
During the war there was a marked dispersal 
of industry, and several new centers developed 
under the stimulus of a necessity which did not 
count costs. Whether these new centers will sur- 
vive in the face of postwar competition will de- 
pend to a large extent on governmental policies 
which cannot be forecast. Some of them will 
certainly cease to function in an important way; 
others, with some support, may continue in 
production if the plants, constructed at excessive 
costs, are sold at prices which will permit their 
continued operation. 

The Future of Industrial Development. The 
extensive industrialization of the present is a 
development of the past half century, for mass 
production was unknown in 1890, and only in its 
infancy for a number of years thereafter. This 
was because the complicated machine tools 
which have made it a possibility were not per- 
fected until rather recently. Up to the present, 
this change in the character of our civilization 
has been accompanied by a rapid drift of popu- 
lation from the farms to the cities and great in- 


crease in the size of urban centers. Whether this 
will continue is debatable, but it afiFords an 
interesting field for speculation, especially so m 
view of the fact that many cities lost population 
between 1930 and 1940. It is almost certain, 
however, that whatever the distribution of popu- 
lation between farm and city may be m the 
future, we are only at the beginning of great 
discoveries which will free man from necessity 
for long hours of toil. There have already been 
great changes on the farms in this direction. The 
cradle and the flail have been displaced by the 
harvesting machine, in its extreme development, 
the combine; the farmer now rides when he plows 
and often uses a tractor rather than horses; he 
may even do his milking with a machine. This has 
decreased the labor requirement for growing 
crops so that we now produce more with fewer 
farms and farmers. The farmer's wife profits in 
a similar way, though to a lesser degree, from 
the use of laborsaving devices. 

It may be true that the agricultural frontier has 
disappeared, but this never oflFered great eco- 
nomic opportunity, whereas that of the present, 
the technical and industrial frontier, does. Thus, 
if man uses opportunity wisely, the future should 
hold much in store. We have always had with us 
the prophets of despair, those who view the 
future only with gloom, but their prophecies 
have always been discredited in the past. Cer- 
tainly, if the teachings of experience have value, 
they indicate a similar fate for the preachments 
of those who today believe that we have nothing 
left except the possibility of dividing our piesent 
possessions and being content. 


QUESTIONS AND EXERCISES 


1. Why is important commerce of relatively recent 
development? 

2 What IS the basis for commerce? What is the 
relation between specialization of production 
and commerce? 

3. How do cultural differences of populations af- 
fect trade between them? Illustrate by the trade 
of China and Japan. 

4. How does transportation affect commerce^ Illus- 
trate by examples. 

5. Where are the great trade routes of the world 
located^ Why? How has the development of 
trade affected Japan? 

6 What factors will cause alteration of trade 
routes? Cite examples of changes produced by 


these factors. To what extent does commerce af- 
ford employment today? What is the probable 
future of commerce? 

7. Trace the evolution of industrial development. 
Where is small-scale industry still important? 
Why? 

8. State the factors which affect localization of in- 
dustrial development How does human choice 
function? Illustrate by examples. 

9. How does ease of access to raw materials func- 
tion in localizing industrial development? Is this 
factor of equal impoitance in all industries? 
Why so important in the heavy industries? 

10. Why is a satisfactory water supply necessary in 
industry? Is the quality of the water supply 
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equally important in all industries? Why^ How 
has water supply afiFected the localization of in- 
dustry in the United States? 

11. How does labor supply affect the localization of 
industry^ Does it affect all industries in exactly 
the same manner? Illustrate by examples, includ- 
ing some of tlie New England industries. 

12. Discuss the importance of climate, culture, capi- 
tal, and government in their effect on industrial 
development. 

13. How has government functioned m Japan to 
promote industrial development? Why have 
these steps been taken to encourage industry^ 
State some areas where go\'ernment has op- 
erated in different fashion and explain why 

14. What effect do transportation and markets have 
on the location of industrialized areas^ 

15. Discuss the factors which influence the location 
of the iron and steel mdustry Which affect the 
industry as developed in the Chicago-Gary area^ 

16. Locate the industrial areas of Europe What is 
the basis for the development of mdustry in 
those areas? What changes have been produced 
by the war-^ Will these probably be permanent^ 
Why? 

17. Where is industrial development concentrated in 
the United States? Why? What are the charac- 
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Water Supply Paper 559, U. S. Geological Survey, 
Washington, 1926. 
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try in the United States as affected by water sup- 
ply. It is particularly valuable because of the 
accompanying maps. 


teristic types of industry which de\elop else- 
where^ How has the war affected the distribu- 
tion of industry in the United States*^ Will these 
changes probably be permanent^ Whv? 

18 Locate the most important industrialized areas 
of the Orient and explain the basis for the de- 
velopment in each. How do the industries of 
Japan \ary from south to north^ Why^ 

19 To what extent are China and India industrial- 
ized^ What is the character of the present indus- 
trial development in tliese countries*'^ What is the 
probable future of industrial de\elopment in 
China and India^ 

20 Discuss the industrial development of Siberia 
Why has de\ elopment there been \'ery rapid of 
late years? Why is this development of great 
importance? 

21 Trace the evolution of New England industrial 
development and discuss its character and zon- 
ing Why are certain types of mdustry migrating 
from New England to the South? 

22 Discuss the probable future development and 
location of industrialized areas. 

23. What have been some of the effects of industrial 
development, especially on standards of living^ 
What does the future probably hold for industry 
and its effects? 
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chapter Thirty-Nine 
CITIES AND URBANIZATION 


The Beginnings of Urban Development. Cities 
are functional, not accidental developments, for 
they appear only where they perform useful 
sei vices, and they grow only in response to de- 
mands of their tributary areas. Therefore in 
sparsely populated regions with poor means of 
communication, where both the areas to be 
served and the needs to be satisfied are limited, 
they are few in number and generally small. In 
highly developed, densely populated regions, by 
contrast, they aie more numerous, often closely 
spaced, and sometimes of great size, because the 
demands on them for the services they render 
are much more extensive. 

Among primitive populations, indeed, where 
each individual leads a more or less self-suflficient 
type of existence, urban centers as we know them 
cannot properly be said to exist. Instead, their 
equivalent may be no more than a cluster of huts, 
located on highways it is true, but organized 
primarily for neither trade nor manufacture, but 
largely for protection. Such settlements among 
both hunting and pastoral populations often pos- 
sess little permanence, though occasionally some 
such villages, occupied for at least part of the 
year, may maintain fixed locations. In general, 
however, initiation of what may properly be 
considered the beginnings of urban aggregations, 
from some of which have evolved our present- 
day larger cities, is deferied until sedentary oc- 
cupancy has become well established. 

Location of Cities. Cities are always located 
at a focus of highways. This may be: (1) where 
roads converge at a stream crossing, a mountain 
pass, the head of a large lake, or of navigation 
on a river; (2) at a junction of river highways or 
at the mouth of a stream, where coastwise and 
river-borne trade meet at a common point; (3) 
at a convergence of important routes where har- 


boi facilities are adequate to accommodate ocean- 
borne commerce and the site peimits building a 
city, and (4) at a focus of important rail routes. 
Such locations afford ease of access to raw ma- 
terials and markets and commonly to sources of 
power as well. They are likewise transhipment 
centers, where bulk breakage occurs, that is, 
where freight ariivmg in bulk is divided into 
smaller lots for distribution. Not all these types 
of location are equally favored nor have all func- 
tioned in exactly the same degree at diffeient 
times Fuither, the larger cities commonly com- 
bine the advantages of several, the number vary- 
ing from time to time in the history of a given 
city. Thus New York, originally having advan- 
tages of access to the interior by river, supple- 
mented later by canal, and ease of communication 
by sea, today profits from rail lines which tie it 
to the interior west of the Appalachians. Simi- 
larly, St. Louis, always a focus of river highways, 
today possesses the advantage of converging 
railroads. 

In early times, rivers were commonly crossed 
at fords or shallows, in the absence of bridges. 
Often, therefore, roads converged from several 
directions on such places if the river was deep and 
favorable crossings were few in number. Thus 
the Roman roads focused on the present site of 
London, at the ford nearest the mouth of the 
Thames. That such sites afford possibilities for 
urban development is indicated by the fact that 
several English cities contain ‘'Stratford'" in their 
names, because the road or street crossed the 
river at that location by a ford. Similarly, roads 
tend to converge near passes, to take advantage 
of such breaks or low spots in mountain barriers. 
Thus roads focus on the site of Pittsburgh, Penn- 
sylvania. Again, roads converge at the end of a 
large lake used for transportation and at the head 
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of navigation on a river. Such are the locations 
of Chicago and St. Paul respectively, the former 
at the end of Lake Michigan, the latter at the 
head of natural navigation on the Mississippi 
River. 

During that long period when much or most 
inland trade moved by water, in the absence of 
effective means of transport by land, sites on rivei 
highways were favored locations for urban de- 
velopment and, doubly so, when at or near the 
confluence of several rivers of some size which 
were used extensively. St. Louis has this type of 
location, and so long as inland wateis were the 
principal highways of both travel and transport 
this city maintained supremacy among the urban 
aggregations of the middle and upper Mississippi 
Valley as a result of this natural advantage. 

A focus of ocean routes also affords a favored 
location for city growth, since it permits assembly 
of merchandise to advantage, not only from along 


the coast but from overseas as w^ell, by use of 
cheap water transpoitation. Therefore many 
seaports have giown to be great cities This type 
of location becomes even more desiiable if it is 
at or near the mouth of a large river which offers 
access to the interior, for this focuses not only 
coastwise and other sea trade, but river-borne 
traffic as well, on a single location. New Orleans 
on the Gulf Coast, Portland on the lower Willa- 
mette, and Shanghai at the seaboard end of the 
Yangtze, the great east-west highway of central 
China, all profit from this type of location. Such a 
seaboard location was a particularly important 
advantage during the period subsequent to the 
development of ocean tianspoit, but prior to that 
of railroads. Moreover, it still preserves its signifi- 
cance, not only without decrease but rather with 
increase of importance, even though other forms 
of transpoit now make city development a reality 
where it was formerly an impossibility. For long, 





Fig. 384 A view of Portland, Oregon, a great city and port at the junction of the Willamette and Co- 
lumbia rivers, 100 miles from the sea, with which connection is afforded by a channel of sufficient depth to 
accommodate ocean shipping. In the background is Mt. Hood Connected with the interior by rail lines 
and by the Columbia River, navigable into eastern Washington and being improved steadily, this location 
affords a logical outlet for the products of the interior, with effective handling of these commodities assured 
by 27 miles of deep-water frontage and modern equipment for loading and unloading freight. ( Courtesy of 
the Portland Chamber of Commerce ) 
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indeed, essential^ all the gieat cities of the world 
were seaports, and this is still true for many such 
as London, New York, Tokyo, Buenos Aii'es, and 
Sydney, each the largest city for the continent 
m or near which it is located. 

Since development of effective land transport, 
particularly by rail, inland sites have taken on 
advantages of location not previously possessed. 
Thus Indianapolis profits from the fact it is 
located where railroads converge, and the same is 
tiue for other cities such as Chicago, which hke- 
wise have other locational advantages. 

It will be noted that most cities, and practically 
all of any considerable size, profit from moie than 
one of the types of location which favor urban 
giowth. Some, like New Yoik, Philadelphia, 
Boston, San Francisco, and Seattle, are seaports 
with adequate contacts with the back country; 
others such as Chicago are inland cities, but enjoy 
the benefits of both water and rail connections 
with the areas they serve. Still others, such as the 
Twin Cities, Minneapolis and St. Paul, are lo- 
cated at the head of navigation of a great river 
and served by rail lines as well which, in this 
particulai case, find crossing of the river easy 
above the gorge the Mississippi has cut below 
the Falls of St. Anthony. 

Citij Locations and City Sites, It is sometimes 
true that, despite a focal location with reference 
to an extensive and important trade territory, the 
site of a city may be rather poor, but this will not 
necessarily prevent extensive urban development 
if other conditions are sufficiently favorable. Thus 
the inelastic limits of the original site of New York 
City have not prevented phenomenal growth and 
expansion, even across intervening bodies of 
water, and, though with change of name, across 
state lines as well. The original site of Chicago 
also left much to be desired, for the land was so 
low and flat along the lake shore that the waters 
of Lake Michigan formerly invaded the down- 
town section at times of strong onshore winds. 
Today, of course, this no longer occurs, for filling 
has not only raised the former land surface but 
even extended the city site into what were for- 
merly shallow alongshore waters. Similarly, the 
low-lymg, flat, and water-filled character of the 
land on which New Orleans is built makes sewage 
disposal difficult at all times and particularly so 
when the waters of the Mississippi River rise 
above the levels of the city streets at times of 
flood. The hilly topography of Pittsburgh and 


Seattle impose problems of somewhat different 
character. In Seattle, these have been solved in 
part by cutting down the hills and sluicing them 
into the Sound, thus filling in the tide flats and 
permitting level streets m the downtown section, 
at least parallel to the waterfront. Other great 
cities such as Shanghai and Osaka, have been 
similarly handicapped by their sites, yet they 
have nevertheless grown rapidly. Thus experience 
indicates that a large city will develop on a com- 
paratively poor site, provided the location is suffi- 
ciently favorable, whereas a good site will never 
in itself ensure a large city. 

Variable Values of a Given Location. Given 
locations have variable values at different periods 
of time. This is because the locational factor is 
influenced by transport, and means of moving 
merchandise have altered greatly since man first 
transfeired himself and his few belongings from 
place to place. Today, expensive overland trans- 
port of freight on the backs of animals and by 
wagon has disappeared, except in the more primi- 
tive areas, to be succeeded by use of railroads. 
Thus a former focus of trails or caravan routes, 
unless it is at present also one of rail lines, has 
lost much of its earlier relative importance. Simi- 
larly, displacement of use of rivers and canals 
by rail transport has shifted locational advantage 
from one city to another, as from St. Louis to Chi- 
cago. Again, marked expansion of ocean transport 
has produced great alteration in the relative 
advantage of different locations, that of both 
Shanghai and Tokyo, for example, having im- 
proved materially during the past century. 

As an accompaniment of such development, 
areas tributary to certain of our larger urban cen- 
ters have expanded greatly. New York, for ex- 
ample, enjoyed only a minor locational advantage 
until after construction of the Erie Canal, for the 
region tributary to the city prior to that time 
was relatively limited and not notably productive. 
By contrast, Philadelphia, fortunately located 
with reference to a good agricultural area of some 
size, was favored, though this is not so important 
relatively today, since the West has developed 
and so much of its trade moves through New 
York. What has happened in the case of these 
two cities has occuired elsewhere as well, and 
doubtless will again in the future. For example, 
it is highly probable that, when transportation 
improves in China, the Han cities. Hankow, Han- 
yang, and Wuchang, located at the junction of 
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the Han and Yangtze rivers, with a roughly cen- 
tral location with reference to all China, as well 
as in the best part of that country, will become 
one of the world’s greatest urban aggregations. 

Large Cities a Recent Development. The size 
of any city is a direct reflection of the extent and 
degree of development of the back country it 
serves. When this is small and population is 
limited, a crossroads village sufiBces, for but few 
facilities are necessary to meet the demands of 
the people who can be reached. When a large, 
densely populated, prosperous, and highly devel- 
oped industrial region depends on an urban cen- 
ter, however, it attains great size. Thus our 
great cities as we know them today are of rela- 
tively recent growth, for only subsequent to 
about 1875 has it been possible to focus the trade 
of any large, productive area on a single center, 
and important industrialization is of even more 
recent origin. 

Thus during the Colonial period, and for some 
time thereafter, there were no large cities in the 
United States, New York having only 33,131 
inhabitants as late as 1790. Similarly, Chicago, 
today the second largest city in the United States, 


had a population of only 298,977 as late as 1870; 
Detroit but 205,876 in 1890, and Los Angeles, 
only 102,497 in 1900. Other large cities were 
similarly smaller than at present only a relatively 
short tune ago. Today, however, the smallest 
of these four cities, Detroit, has a population 
of nearly 2,250,000, including that of its sub- 
urbs, and the metropolitan area of New York 
City one of approximately 12,000,000. In the 
Orient, Tokyo, with a prewar population of 
slightly more than 7,000,000 within its corpor- 
ate limits, had one of only a trifle more than 
1,000,000 less than 40 years ago. Similar, though 
generally not such phenomenal increases, have 
characterized urban populations elsewhere. 

, The Functions of Villages and Cities The vil- 
lage, which later may develop into a city, comes 
into existence to serve a variety of purposes. 
Among primitive populations, it assures a means 
of facilitating community activities and defense 
against enemies; m certain more highly devel- 
oped parts of the Orient, it may serve these same 
ends and also permit more effective use of agricul- 
tural land. Agricultural villages likewise charac- 
terized New England occupancy during the early 



Fig. 385 Looking west on the main street of the largest of the seven agricultural villages of Amana, 
Iowa. This village, with a population of 437 persons, has its own school, church, stores, shops, mills, barns, and 
water-supply system. From it, the workers go out to the fields, with reference to which the village is cen- 
trally located. 
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Colonial period, in consideiable part as a de- 
fense against Indians. Even today a few still per- 
sist in certain parts of the United States, and 
more commonly elsewhere, as in Europe. Irres- 
pective of their original function, however, such 
villages serve to facilitate exchange, since they 
are assembly points for the merchandise of the 
tributary area in which surpluses can be marketed 
and needs satisfied to advantage. Further, in- 
dividuals with special skills gravitate to such 
centers where employment is most certain, since 
customers are moie numerous in the villages and 
temporary sojourners add to the numbers of the 
permanent population. 

Agricultural Villages in the United States The 
compact New England agricultural villages, the 
first of this type in the United States, were prob- 
ably not a cultural heritage derived from Eng- 
land, from which the colonists came, but gener- 
ally at least the result of choice, influenced by 
the necessity for defense. Certainly it is true 
that, in many cases, only the constant danger 
of Indian attack induced the settlers to dwell 
compactly, and that some of the early legislation 
was designed specifically to prevent scattered 
settlement. Even with such regulation, preven- 
tion of diffusion was difficult In these villages, 
each ‘proprietor’’ had a lot varying from 1 to 
as much as 9/2 acres in size, ample for a house 
and garden. His other landholdings, or those out- 
side the village, were scattered, with pasture, 
woodland, and shore rights generally held in 
common. Even today, these villages still retain 
such relict features of this earlier pattern of land 
use as the village green, and dispersed lots. 

In other parts of the United States, such vil- 
lages have been few in number at all periods and, 
where occurring, they reflect certain peculiarities 
of the original settlement. This is true, for ex- 
ample, of the seven agricultural villages of 
Amana, about 20 miles west of Iowa City, Iowa. 
Established as a communistic venture in its pres- 
ent location in 1855, the Amana Colony was 
reorganized as a stock company in 1932, because 
continuance of communism threatened bank- 
ruptcy. The older pattern of occupancy persists, 
however, for the inhabitants still hve in compact 
settlements, from which the community land- 
holdings are worked. This permits great economy 
of land use without undue isolation of the farm- 
ers from the fields, and it likewise makes possible 
effective use of labor supply, economical mechan- 


ization of agriculture, efficient marketing of pio- 
duction, and piobably more intelligent planning 
than on the average faim of adjacent areas. It 
also affords social contacts and permits effective 
centralization of schools. For this particular com- 
munity at least, advantages undoubtedly exceed 
the disadvantages of compact settlement. 

Cities and Their Classes. The distinction be- 
tween village and city is not sharp, therefore 
the division between them must be more or less 
arbitrary. Thus, though the United States Census 
lists all incorporated places with populations of 
2500 or more as urban centers, it is readily ap- 
parent that not all with more than 2500 inhabi- 
tants are cities in any proper sense of the term. 
Certainly, however, aggiegations of 100,000 or 
more in the United States are not villages, but 
cities, for their functions are different from those 
of the smaller population centers. Cities, irrespec- 
tive of their exact size, vary in character and in 
the functions they perform, but all are market 
centers, for, without some trade, irrespective of 
other favoring factors, population would not in- 
crease to the extent that a city would develop. 
Thus presence of a natural resomce such as 
mineral wealth does not necessarily result in de- 
velopment of a city, which takes place only when 
trade is made possible by effective means of 
transportation, so that the demand elsewhere for 
the mineral can be satisfied from that particular 
occurrence. Because cities serve different func- 
tions, several classes of urban aggregations may 
be recognized, though the grouping must be 
more or less arbitrary, for the different classes 
merge. Therefore a given city may be classed 
variously, with almost equal correctness. 

Commercial Cities. These will be considered 
to be cities where commerce and trade are the 
dominant economic activities and others are of 
secondary importance only. Such urban centers 
must be located at foci of tiansportation lines 
which permit assembly and dispersal of com- 
modities for both near-by and faraway producers 
and consumers. Seattle is a city of this type,’ 
with commerce relatively more important than 
industry, even though the war decreased the 
difference between them. This great importance 
of commerce results from excellent rail connec- 
tions with the interior, a fine harbor, and the 
concentration of shipping which facilitates the 
flow of trade with Alaska and eastern Asia. The 
Twin Cities, Minneapolis and St. Paul, particu- 




Fig. 387 The skyline of Boston, Massachusetts, dominated by the Custom House Tower. In former 
years, many of the greatest of American clipper ships sailed fiom these wharves to trade in distant regions. 
Today, however, manufacture exceeds commerce in importance in Boston, the hub of industrialized New 
England ( Courtesy of the Massachusetts Development and Industrial Commission. ) 
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larly the latter, are likewise dominantly commer- 
cial rather than industrial centers for, though too 
far from essential raw materials and extensive 
markets for development of a high degree of in- 
dustrialization, they serve as the gathering point 
for the production of extensive areas to their 
west and as distributing centers for the mer- 
chandise needed m these same regions. 

Industrial Cities. All cities have industries, but 
they do not in all cases dominate the economic 
activities. This was even more true in the past 
than at present, for quite frequently the large 
city of the present is the Cinderella whose god- 
mother is industry, a metamorphosed older com- 
mercial center. Often, of course, these industrial 
centers are likewise of great commercial impor- 
tance as well. This is certainly true for our two 
largest cities. New York and Chicago, both of 
which are highly industrialized. It is not so true 
of Pittsburgh nor of Detroit, however, which did 
not have any phenomenal growth of population 
prior to extensive industrialization. 

Governmental Cities. These range in size from 


small country-town county seats to larger state 
capitals, and up to that of Washington, the na- 
tional capital. For minor political subdivisions, 
such centers are often relatively small. Thus 
Olympia, Washington, has less than 12,000 in- 
habitants as contrasted with some 500,000 in 
Seattle’s metropolitan district; Eugene, Oregon, 
fewer than 20,000, whereas Portland, the com- 
mercial and industrial center, has more than 
500,000, if the suburbs are included. In cer- 
tain cases such as St. Paul, Minnesota, and 
Columbus, Ohio, the sizes are not a response to 
government, but to commerce and industry. 
However, Washington, D.C., with a population 
of 663,153 m 1940, and well in excess of 1,000,- 
000 today, is a city almost completely depend- 
ent on government and, incidentally, one which 
has grown rapidly, for its population increased 
36 per cent between 1930 and 1940, as a result 
of the rapid absorption of power by the Federal 
government and a consequent enormous increase 
in the number of government employees. 

Resort Cities. Such cities must not only have 



Fig 388. San Francisco, an important port and commercial center, is located on the northern end of a 
peninsula which separates San Francisco Bay from the Pacific Ocean. (See Fig 224 ) Because of its inelastic 
site, a continuous fringe of urban aggregations has developed on the east side of the Bay, with Oakland the 
most important of these centers. In the view above, looking westerly across the Bay, the Coast Ranges of 
Marin County may be seen to the north, with Sausalito at the extreme right The numbers represent some 
points of interest in San Francisco as follows* (1) the Embarcadero; (2) Market Street, (3) Chinatown; 
(4) San Francisco-Oakland Bay Bridge, (5) Fishermen’s Wharf, (6) the Golden Gate Bridge; (7) the 
Presidio. (Drawing by Leydenfrost, Courtesy of Life Magazine.) 
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Fig. 389. Miami, on the Straits of Florida. The resort business is essentially the sole support of this 
Florida city, whose assets of climate and beaches have been capitalized to the extent that population increased 
from 1681 m 1900 to 172,172 by 1940 The illustration above is proof of the substantial character of the de- 
velopment. (Courtesy of the Miami News Service.) 


favorable sites, of which there are thousands, but 
to attain any size they must be easily accessible 
from large population centers. Thus Atlantic 
City, New Jersey, has a highly desirable location, 
for It not only has the beach, but it is able to draw 
upon the millions of adjacent areas for patronage. 
Similarly, Miami, Florida, with a population of 
nearly 175,000, in addition to climate and other 
natural attractions, profits from the relative ease 
with which it can be reached by 90 per cent of 
the population of the United States. 

Residential Cities These are largely suburban 
developments which have sprung up around the 
outskirts of the larger urban aggregations to 
satisfy the demands of many for homes free from 
the confusion, noise, dirt, and other disadvan- 
tages of the larger urban centers, yet easily ac- 


cessible to these same cities over good roads or by 
tram. Evanston, Illinois, is such a suburb of Chi- 
cago, Birmingham, one of Detroit, Michigan. 
These are the places where the people sleep and 
where they are counted, though most of those 
gainfully employed may work in the city during 
the day. 

Mining Cities. In a few cases, urban centers 
of some size spring up where mining is the princi- 
pal and sometimes almost the only basis for sup- 
port. Hibbing, Minnesota, with a population of 
16,385 in 1940, discussed in an eailier chapter, 
is an example of a small development of this 
character. Butte, Montana, with a population 
of approximately 40,000, is dominated in similar 
fashion by mining activities. However, though 
they may attain considerable size, such centers 
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Fig 390 The heart of Los Angeles, the metropolis of southern California, with the City Hall and Civic 
Center in the background. This city is an urban center of recent development, with commerce and trade the 
dominant economic activities in the past, extensive manufactures, especially during the war, moving pic- 
tures, and an important tourist trade (Courtesy of the Los Angeles Chamber of Commerce ) 

never become very large, nor will they ordinarily in 1940, only Washington, the nation’s capital, 
be long-lived, except as other activities may showing any gieat gam during that period, and 
assume major importance, in which case it is not that caused by the unprecedented and abnormal 
proper to class them as mining cities. expansion of governmental functions. 

Factors Influencing City Growth. Cities ex- Not only is there an upper limit to the possible 
pand their activities and increase in size until size of any city, even under conditions which 
they serve adequately the needs of the communi- cannot be foreseen at present, but the rate oi 
ties dependent on them, thereafter, their growth growth varies for different urban centers and is 
ceases. Thus it necessarily follows that they will not constant from decade to decade for any given 
not continue to grow indefinitely, nor is it even city. For example, Charleston, South Carolina, 
true that their populations may not decrease, has increased but little in size during the past 
This last has already occurred for several of the 50 years, by contrast, Cincinnati, Ohio, has en- 
largest American cities during the decade ending joyed a steady and considerable growth during 









Fig 391 Revelstoke, B C., confined to the flat land bordering the Columbia River. (Courtesy of the 
Canadian Pacific Railway ) 


the past century, though that of the decade end- 
ing in 1940 was less than 2000 persons. This may 
indicate that future expansion is improbable. 
Still other urban centers have enjoyed peiiods 
of steady growth, interspersed with others char- 
acterized by phenomenal increases of population. 
Thus Detroit, Michigan, with a steadily but 
gradually increasing number of inhabitants prior 
to 1900, nearly doubled in size each decade 
thereafter up to 1930, and has had a substantial 
growth since. For Los Angeles, increases during 
certain decades were even more remarkable, 
that for 1880 to 1890 being nearly 500 per cent, 
with some of 100 per cent for several others. 
Again, Seattle tripled in population between 1900 
and 1910 and has grown since. Such increases aie 
not confined to the United States, for Tokyo, with 
a population of but 1,995,567 in 1925, was by 
1940 the third city in size in the world, with more 
than 7,000,000 inhabitants. In 1934, Richet esti- 
mated that this metropolis of Japan would have 
a population of 10,536,000 by 1954, at which 
time it would be the world's largest city. This pre- 


diction promised to be correct on ihe basis of 
what had occmred up to the outbreak of the war, 
which has had an unpredictable effect. Some- 
what similarly, in less than half a century Shang- 
hai has grown from a small fishing village to be 
one of the world's great cities, with a population 
of 3,489,998 by 1940. In fact, up to the outbreak 
of the war, it was probably the most rapidly 
growing of the world's large cities, as it was in the 
Orient, where urban growth is today more rapid 
than elsewhere. 

Several f actoi s operate to influence the rapidity 
of growth of urban centers. If centially located 
with reference to developing areas of rapidly in- 
creasing population, especially where the urban 
as well as rural birth rate is high, the growth of 
a city tends to be rapid. This is tiue for Shanghai 
in China, which likewise has profited in the past 
from the greater security, particularly of prop- 
erty, afforded by foreign control. Again, in areas 
which have been newly opened to settlement, 
there may be a great increase in population and 
sometimes a relatively high birth rate as well. 
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This contributed in part to the growth of many 
cities during settlement of the Mississippi Valley. 
In connection with improved transportation, it 
explains that of Seattle. Accompanying develop- 


fluenced by the size and shape of the area avail- 
able for urban development. Thus both New 
York, originally confined to an island, and San 
Francisco, still limited to a peninsula, have been 
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Fig. 393. Map of Boston, Massachusetts, 1775. (After Atlas of Historical Geography ) 


though not attenuated, have been affected in 
foim by the shape of the area available for use. 

Such is the case for Cincinnati, which is built 
at three levels: that of the present-day alluvial 
plains of Mill Creek and the Ohio, at the junction 
of which the city is located; that of the terraces 


of these same streams; and that of the upland, all 
separated by grades which have affected expan- 
sion, for the rise to the upland is both steep and 
long. The limited extent of level land near the 
river, indeed, has influenced development of 
Newport and Covington across the Ohio, on the 




Fig. 394. Three Kentucky towns built around the courthouse squark 

Top‘ Pineville, eastern Kentucky, with courtliouse at right, business blocks m the background; hotel at 
extreme left. 

Middle: Harrodsburg, m the Bluegrass. Courthouse square at the left; business blocks in the background; 
stepping stones in the street m the foreground. 

Bottom. "“Cheapside,” Lexington, the '‘cheap or poor side” of the courthouse square on court day At the 
left is the courthouse; in the background is the street which has today developed as die main business 
street, extending several blocks to the left to one of the railroad stations 
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flat land bordering the lower course of the Lick- 
ing. In one sense, m fact, these cities may be 
regarded as expansions of Cincinnati on the Ken- 
tucky side of the Ohio. The location of St Paul 
on the Mississippi is similar to that of Cincinnati, 
for it also is built at the same three levels. The 
site of Seattle on the Pacific coast is likewise cir- 
cumscribed, for the amount of level land along 
the Sound is small, steep grades separate business 
and the better residential sections; and the area 
between Lake Washington and the Sound to the 
west is narrow. (See Figs. 225. and 226.) There- 
fore the city has grown north, and to a lesser 
extent south, rather than east. By contrast, Los 
Angeles has been able to expand in several 
directions. 

These same factors of amount of level land 
available and its shape, in combination with some 
others, also affect city plans in detail Thus busi- 
ness and industry are normally confined to the 
flatter areas, residences preempt those which are 
hillier. In Seattle, for example, the business 
streets parallel the waterfront, rising one above 
another by steep grades, the industrial sections 
he to the north and south, particularly to the 
south, along the Duwamish River and on the filled 
tide flats of its delta. To the east of the busi- 
ness section, residences and scattered small 
business centers occupy the hills to the shores of 
Lake Washington. (See Fig. 226.) The distri- 
bution of these various functional units of a city 
is approximately the same in San Francisco. Simi- 
larly, the important industrial, wholesale, and 
letail districts of Cincinnati are confined to the 
flat land near the Ohio River, either alluvial plain 
or river terrace, the better residential sections are 
on the upland, where free from danger of flood 
at high-water stages of the river. Where level land 
is small in amount, demand is great, and land 
prices are correspondingly high, the city tends to 
rise vertically. Thus in New York several layers 
of humanity are superimposed on one another in 
the many-storied buildings made feasible by 
transport, both vertical and horizontal. There, 
packed in caves in man-made cliffs of masonry, 
thousands earn their living, though they are 
counted by the census taker elsewhere, where 
they have their homes and sleep at night. 

The detailed pattern of the city streets is like- 
wise often influenced by topography, but also 
by other factors as well. Thus the radiating main 
streets converging on the City Hall in Detroit 
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do not result from surface configuration, but from 
the ‘‘Governor’s and Judges’ plan,” aftei the 
“great fire of 1805.” This focuses traffic on a 
central point and causes serious congestion. 
Washington, D. C., is a somewhat similarly 
planned city. Again, some cities such as Boston 
have a system of streets that appears to be with- 
out any reason until it is realized they developed 
without planning, which is their reason. Still other 
smaller aggregations which are governmental 
centers are built around the comthouse square. 
So long as they remain small, this plan is evident, 
for the retail stores encircle the courthouse. When 
the city attains greater size, howevei, this rela- 
tionship may disappear through development and 
extension of the retail distiict along one street, 
beyond the hmits of the square. Though not re- 
stricted to the South, this is a common plan for 
county-seat towns in that part of the United 
States. 

City Problems. With growth of large urban 
centers, many problems which were nonexistent 
or not pressing when towns were smaller become 
of great importance. For example, when popula- 
tion centers attain consideiable size, the indi- 
vidual can no longer secure safe drinking water 
from his own shallow well but is forced to depend 
on a municipal supply, often difficult to secure 
for our larger cities in satisfactory quantity and 
quality. No longer, also, can he readily dispose 
of his household wastes, but he must have gar- 
bage collection and connection with a sewer sys- 
tem. This latter is often both difficult to construct 
and expensive to maintain. For many years, it is 
true, Chicago flushed its city wastes into the 
Illinois River by use of water diverted from Lake 
Michigan, but this, though costing relatively 
little, was not satisfactory, for it interfered with 
navigation by lowering lake levels, and there 
was objection from those who were affected ad- 
versely by sewage in the Illinois River. All these 
necessary services add to the cost of living and 
make existence much more complicated in large 
cities than in smaller towns. 

Wherever large concentrations of population 
occur, there likewise arises a complex problem of 
transportation, for it is a considerable undertak- 
ing to transfer the vast number of workers, most 
of them arriving and leaving at approximately the 
same time, from the office buildings and factories 
to their homes, often miles away. Frequently this 
necessitates not only surface roads but elevated 
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rail lines and subways as well. Nevertheless, all 
are packed at rush hours. In fact, the efficiency 
of the large cities is often oiffset almost completely 
by the time wasted in going to and from work. 
Further, the coming of the automobile has made 
conditions woise, for streets adequate to handle 
the limited horse-drawn traffic of the past are 
often too narrow to meet the necessities of the 
present, especially if used by surface street-car 
lines. This has sometimes forced enormously ex- 
pensive street widening, but even this does not 
always provide a satisfactory remedy, for it may 
be impracticable to obtain sufficient width. 

In the larger cities also, particularly those not 
confined within inelastic limits, obsolescence of 
certain sections in time introduces problems for 
which no effective solution has been devised as 
yet. In any city, which must develop from a 
relatively small population center, the initial busi- 
ness district is fringed with residences. With 
further increase in size, stores invade the resi- 


dential section and homes retreat to the periph- 
eral portions of the growing city. Then a loom- 
ing-house section develops on the border of the 
business district and this in time invades the 
surrounding residential area, altering its charac- 
ter and producing another exodus to the city 
limits. Thus, as business expands, rooming houses, 
apartment buildings, and residence hotels take 
over the surrounding area, determining its char- 
acter, and the residence section retreats before 
this advance, thus compelling extension of stieets, 
water, sewer, and lighting systems to the out- 
skirts of the city at considerable cost. Then the 
older business section deteriorates and slums re- 
place the former good residences on its outskirts, 
but the city still continues to grow countryward, 
though decaying at its center. How to restore 
this “blighted section” still lies in the field of 
theory, for it has not been accomplished as yet, 
though many highly touted plans have been pro- 
posed. To make them effective, however, a more 
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because of the small scale of the map, inspection of which will reveal that important urbanization is limited 
to a relatively small portion of the United States. (After the U. S. Census.) 


realistic approach to taxation policy will be neces- 
sary, and that will be politically inexpedient and 
possibly impossible of realization in the imme- 
diate future. It is certainly true, however, that a 
city cannot decay at its core, grow on its margins, 
and still remain an example of sound urban de- 
velopment. 

Areas of Extensive Urbanization. Areas of ex- 
tensive urbanization are relatively few in num- 
ber, widely scattered, and of limited areal extent, 
for only under peculiarly favoring conditions will 
development of any great number of cities of 
considerable size be possible. These favoring 
conditions are all associated with transportation, 
which alone can ensure development of extensive 
trade and a supply of raw materials which will 
serve as the basis for manufactures and, at the 
same time, afford the means for marketing the 
production of mills and shops. 

Urban Development in the Soviet Union. One 
of the most important developments of urban 
centers within recent years is that which has 
occurred in the U.S.S.R., in both Russia and 


Siberia. In addition to the two largest cities, 
Moscow and Leningrad, which had populations 
of approximately 4 and 3 millions respectively in 
1939, there are today several others in the half 
million class, and many more with populations 
of well over 100,000. In the Ukraine, the most 
highly urbanized section, there are 17 of this last 
class. Further, this urbanization is not confined 
to Russia, for there are several urban aggrega- 
tions in Siberia ranging from 100,000 inhabitants 
up to the 405,589 of Novosibirsk, the largest 
of the cities east of the Urals. These cities have 
developed where natural conditions are favor- 
able, and in association with a planned economy. 
Their phenomenal growth shows what can be 
accomplished when the individual is subordi- 
nated to government, as in the U.S.S.R. It illus- 
trates again what it is possible to secure— at a 
price. In this case, the price is surrender of 
individual freedom, which is much too high. 

Urban Development in the United States. In 
the United States, 65 per cent of the total popu- 
lation of all cities with 100,000 or more inhabi- 
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tants is concentrated in 50 centers, or 53 per cent 
of all of that size, located east of the Mississippi 
and north of the Ohio and Potomac rivers. Simi- 
larly, of those with populations of from 25,000 
to 100,000, 65 per cent of their inhabitants live 
in the same area in 178 centers, or 67 per cent 
of all of that size. Correspondingly large percen- 
tages of the still smaller urban aggregations are 
located in this same part of the United States, 
in which, though it comprises only about 13 per 
cent of the total area of the country, approxi- 
mately 65 per cent of all important urban de- 
velopment is concentrated. 

This pronounced concentration of urban cen- 
ters in the northeastern part of the United States 
results from the fact that the largest, most highly 
productive areas he east of the 100th meridian 
and that trade from this portion of the country 
funnels through cities located on commercial 


highways which focus on the North Atlantic 
seaboard. Further, the world's largest reserves of 
high-grade coal occur m this same area, to which 
iron ore from the Upper Lakes moves by cheap 
water transportation. Again, this area, particu- 
larly the New England poition, enjoys the advan- 
tages of an early start, which assures a reservoii 
of both capital and skilled labor. This fortunate 
combination of favoring conditions, including 
huge local markets, would lead one to expect 
the urbanization which has occurred. 

Growth of Large American Cities. The decades 
of the past century have witnessed a general city- 
ward drift of population and an accompanying 
shrinkage in the percentage and, of late years in 
the numbers as well, of those who live in many 
rural areas in the United States. In 1840, for 
example, the rural population comprised 15,- 
433,496 persons and 90.5 per cent of the total 



Fig. 397. The City of New York in 1776. 





Fig 398 The City of New York in 1940. 
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number of inliabitants; 50 years later, 40,649,355 
persons, but only 64.6 per cent of all; and in 
1940, 57,245,573 persons and 43.3 per cent of 
the total population. The war years have wit- 
nessed a still further reduction m the numbers of 
the rural component of the population, which will 
probably be permanent. Accompanying this 
change in the character of the population of the 
United States, several very large cities have 
developed. These are among the largest in the 
world, and each is a center of either commerce or 
industry, generally of both. New York City, the 
largest of them all, will serve to illustrate the 
growth and characteristics of such large centers 
in the United States. 

The City of New York. The City of New York, 
the world’s most important port and possibly the 
most perfect example of an urban product of 
transportation, had its beginnings on Manhattan 
Island, which is 12}S miles long and up to a maxi- 
mum of 2)2 miles in width, with a total area of 
approximately 22/i square miles. To its west is 
the Hudson, navigable to Albany, and known 
locally as the ''North River”; to its south and 
east, the East River, today lined with docks and 
wharves and overhung with bridges which con- 
nect with Brooklyn, New York’s first important 
overflow, to its east and northeast, the narrow 
Harlem River, which separates Manhattan from 
the Bronx. Across the North River, on the Jersey 
side, lies Jersey City; to its north and south re- 
spectively, Hoboken with its piers, and Bayonne; 
beyond, from north to south, Paterson, Passaic, 
East Orange, Newark, Elizabeth, Perth Amboy, 
and numerous smaller aggregations of popula- 
tion, all essentially part of present-day New York 
City, though separated from it by the Jersey 
boundary. 

When Manhattan Island was acquired from 
the Indians in 1626, the total white population 
of what is now New York City was only about 
200, by the time of English occupation in 1664, 
this number had increased to approximately 1000, 
and by 1760 to 14,000. Today, about 7,500,000 
persons are crowded within its corporate limits, 
and, including the surrounding urban centers, 
in excess of 12,000,000 people make up what 
may be known as "Greater New York.” Even its 
cemeteries are packed, for in its largest, Brook- 
lyn’s Greenwood, sleep 441,000 dead. 

Starting as a small village on the lower epd 
of Manhattan Island, New York has expanded 


until it is today a combination of five boroughs: 
Manhattan, the Bronx, Queens, Brooklyn, and 
Richmond, with a total area of only 309.89 square 
miles, or slightly less than 200,000 acres, but 
more populous than Sweden, Norway, or Greece, 
and with more inhabitants than the entire conti- 
nent of Australia. One reason for the city’s rapid 
growth and its present great size is that 90 per 
cent of the 38,000,000 immigrants who arrived 
in the United States between 1820 and 1930 
landed m New York, and many of them remained 
to live among their fellows in the "foreign vil- 
lages” of Manhattan’s lower East Side, one of 
the worst of New York’s slum areas; the other is 
Harlem, the Negro section of the city. 

There, in 1910, 542,000 of the recent arrivals 
and their children were concentrated in such 
villages in an area of but IM square miles. Be- 
cause of the varied character of the immigration, 
at least 25 foreign languages are spoken in New 
Y'ork today and the city supports more than 200 
foreign-language newspapers. Some who live in 
this section speak a foreign language only, many 
more, English with a foreign accent. Obviously, 
many think with one as well, for this area is a 
stronghold of foreign "isms” and radical views 
quite different from those of rural and more 
typically American portions of the United States. 

Then there is Harlem, the "lodestone of the 
Negro,” for there he may attain a position of 
leadership and often of affluence among others 
of his own color. In its 3 square miles of area 
are concentrated 300,000 Negroes, served by 
thousands of business establishments, mostly 
small. Often a large fraction, sometimes as much 
as half of this population of 230 persons to the 
acre, or more than 40 to an average city lot, 
IS on relief. With such crowding and so much 
unemployment, living conditions are often de- 
plorable. 

Of the influx to reach New York from foreign 
countries, the first to arrive were the Irish, to be 
succeeded by Germans, Bohemians, Russians, 
and Italians. The last to come, though not from 
foreign shores, were the Negroes, attracted from 
the South at first by the possibility of employ- 
ment at high wages, and, later, by the liberality 
of the relief allowance. Without these groups, 
and despite the fact that thousands of young 
people flock to New York City yearly, for this 
center lures the talent of the nation. New York 
would be smaller than Detroit and its suburbs. 
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Fig. 399. The skyline of lower Manhattan Island as seen from Manhattan Bridge, with the Brooklyn 
Bridge and the lighters and docks of the East River in the foreground. Along the waterfront are seamen's 
shops and saloons, beyond are the tenements of New York's poor; m the distance, the pyramids and towers of 
industry and finance. ( Courtesy of Andreas Feininger. ) 


for approximately two-thirds of its population are 
immigrants or the sons and daughters of those 
from foreign shores. 

New York is the great melting pot of the nation. 
According to J. Russell Smith, in 1920 it had 
'more Irish than Dublin, more Italians than 
Rome.” It has likewise been described as ''having 
turned out to be the Promised Land,” for it has 
more Jews than ever did Jerusalem even in its 
most populous periods. Of the various nationali- 
les, the Germans and Italians are most numerous. 


The latter live largely in compact settlements and 
are being assimilated very slowly. Larger than 
either of these groups, but hailing from various 
countries, are the Jews, approximately 2,000,000 
in number, nearly half of all in the United States 
and more than one-quarter of all in the world to- 
day They are widely dispersed through the city, 
with 975,000 in Brooklyn alone, but they are not 
assimilated and the possibility that they will be 
in the future is not promising. 

For many years the population of Manhattan 
















Fig. 400. A rear view of New York’s fine restaurants and gilded night clubs of midtown Manhattan, 
with the many-storied Rockefeller Center in the background. (Courtesy of Andreas Feinmger.) 
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Fig. 401. Looking toward the lower end o£ Manhattan Island along the Henry Hudson Parkway, which 
speeds traffic and relieves congestion To the right is the Hudson River, to the left, the many-storied city, 
( Courtesy of the New York City Department of Parks.) 
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inci eased steadily, reaching a maximum of 2,- 
331,542 in 1910, since which date there has 
been a steady decrease in the number of those 
who spend the entire 24 hours on the island. 
However, the daytime population continues to 
increase, now numbering m excess of 3,200,000, 
though that of the nighttime is only slightly less 
than 60 per cent that large. Brooklyn is likewise 
showing signs of having reached a stationary 
24-hour population, but active growth still con- 
tinues in the other boroughs. 

New York has grown more rapidly in popula- 
tion than has the country as a whole. In 1790, 
it had only 1.26 per cent of the country’s total, 
by 1840, this had increased to 2.29 per cent; 
by 1890, to 3.98 per cent; and by 1930, to 5 64 
per cent. Today, there are nearly 2,000,000 
families, of an average size of four persons, 
smaller than that for the entire country, living m 
New York City. Therefore the percentage of the 


nation’s families living in New York is even 
greater than that of the total number. With such 
great congestion on Manhattan Island, New York 
has been forced to rise veitically in skyscrapers, 
one, the Empire State Building, reaching a height 
of 1250 feet in its 102 stories and affording from 
its top a view of 50 miles on a clear day. Facing 
narrow streets, these many-stoiied buildings, if 
completely emptied of their occupants at one 
time, would fill the open spaces near them several 
layers deep with humanity. Because of this great 
pressure on the land, it sells at fabulous prices, 
during boom times for as high as $340 per square 
foot. It is estimated that the total value of the land 
and buildings of the city is greater than that of 
all west of a line drawn through central Kansas; 
$21,000,000,000 worth of real estate, assesssed 
at more than $16,000,000,000, and encumbered 
by a city debt in excess of $2,500,000,000. 

It is difiicult to serve the vast population of 



Fig. 402 Tall buildings, m reaching up to the light, cut off the light of others. Therefore they tend 
to cluster around open spots such as this part of Central Park, the open space m the foreground, beyond 
which, at the left, are the Hotels Pierre, Sherry-Netherland, and Savoy-Plaza At the right is the Hotel Plaza. 
(Courtesy of Andreas Feininger.) 
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New York City effectively, for water is consumed 
in enormous quantities, and sewage disposal like- 
wise presents a problem. The many miles of 
streets must also be cleaned, ashes, junk, and 
dead animals must be hauled away each day. 
Underground is a maze of pipes, conduits, and 
tunnels. These are the '‘guts” and "nerves” of the 
city, not shown on a map but vital for its exist- 
ence. To keep the city functioning requires 
thousands of employees, including a small army 
of police, and to support all these requires a city 
budget larger than the national budgets of many 
European countries. 

All forms of internal transportation except air- 
planes have been pressed into service. These 
include subways, bus lines, trolleys, taxis, and 
boats and ferries, yet congestion still exists at 
rush hours. Vertical transport is afforded by ele- 
vators which handle 12,350,000 passengers each 
day, in addition to much freight. 

The period of rapid growth of New York City, 
a product of transportation, began with the open- 
ing of the Erie Canal in 1825. Today, vehicular 
and railroad bridges, ferries, and tunnels under 
the Harlem, East, and Hudson rivers tie its parts 
together; 13 Class 1 raihoads focus the trade of 
the interior on its site; and shipping operating 
over the major ocean highways connects the city 
with both the West Coast and many foreign 
lands. Thus New York has become the largest 
and most important port in the world, clearing 
35,000,000,000 worth of shipping each year, 
with imports more important than exports, for 
the latter tend to move from various ports near 
where the freight originates. 

Though trade is the most important single 
economic activity of New York, the city is also 
the most important industrial center in the United 
States, the value added by manufacture annually 
being estimated at $1,800,000,000. Yet this is 
less than 30 per cent of the city's total annual 
income of approximately $6,200,000,000, for 
New York is a "trading post” and "commercial 
gold mine” rather than a manufacturing center. 
Accompanying the development of such a large 
volume of trade and industry. New York has 
become the financial center of both the United 
States and the world. 

Other urban centers in the United States, 
though not so large, have grown for reasons 
similar to those which are responsible for the 
size of New York. Some are supported princi- 


pally by trade; others are primarily manufactur- 
ing centers, in some, both activities are impor- 
tant. In still others, economic activities may be 
of different types. All, however, are focally lo- 
cated with reference to highways and, to that 
extent, similar to New York, except that the area 
served is smaller and the opportunity less. 

Growth of Large Cities and Suburban De- 
velopment. Not only is the extent of urban 
development variable in different parts of the 
United States and for the world as a whole, and 
the rate of population growth of urban centers 
variable from city to city, but that of any par- 
ticular center in a given country is subject to 
change from time to time. During the 50 years 
ending in 1940, for example, the population 
of the 10 largest cities in the United States nearly 
tripled, increasing from 6,850,442 in 1890 to 
39,796,423 in 1940. However, as may be ob- 
served in the accompanying tabulation, not all 
of the 10 cities gained in population at an equal 
late nor was the combined increase of all con- 
stant from decade to decade. 

During the decade ending in 1940, the 10 
largest cities in the United States retained their 
position of supremacy in numbers with respect 
to other cities in the country, but 4 of the 10 
suffered a loss and none made any great gain 
in population. Of the next 15, however, only 3 
suffered a loss, though none except Washington, 
D. C. made any substantial gain. This decade, 
then, is unique in the history of growth of 
American cities, for never before have our larger 
uiban centers as a group failed to register sub- 
stantial increases in size during a decade. Since 
1940, the war years have affected urban growth, 
in some cases greatly, but whether the effect will 
be permanent is still uncertain. 

In part at least, this failure of our larger cities 
to increase markedly in size during the 10-year 
period ending in 1940 resulted from the fact that 
the population as a whole is not growing rapidly, 
except as affected by the war. In fact, if prewar 
trends should continue, within a relatively few 
years our population will become stationary or 
perhaps even decrease in numbers. Further, 
urban population is today almost, if not quite, 
adequate to serve the needs of the country under 
present conditions of economic development, 
therefore there is less inducement for migration 
to the cities than in the past, except during 
emergencies such as the war when wages were 
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THE RECORD OF 50 YEARS OF GROWTH 
OF THE 10 LARGEST CITIES OF THE UNITED STATES 


Cities in Order 



Populations 



of Si zSt, 1940 

1940 

1930 

1920 

1910 

1900 

1S90 

1 New York 

7,454,995 

6,930,446 

5,620,048 

4,776,883 

3,437,202 

2,507,414 

2. Chicago 

3,396,808 

3,376,438 

2,701,705 

2,185,283 

1,698,575 

1,099,850 

Philadelphia 

1,931,334 

1,950,961 

1,823,779 

1,549,008 

1,293,697 

1,046,964 

4. Detroit 

1,623,452 

1,568,662 

993,678 

456,766 

285,704 

205,876 

5. Los Angeles 

1,504,277 

1,238,048 

576,673 

319,198 

102,479 

50,395 

"*”6. Cleveland 

878,336 

900,429 

796,841 

560,663 

381,768 

261,353 

7. Baltimore 

859,100 

804,874 

733,826 

558,485 

508,957 

434,439 

■*'8 St Louis 

816,048 

821,960 

772,897 

687,029 

575,238 

451,770 

•^9 Boston 

770,816 

871,188 

748,060 

670,585 

560,892 

448,477 

10 Pittsburgh 

671,659 

669,817 

588,343 

533,905 

451,512 

343,904 

Totals 

19,906,825 

19,132,823 

15,355,850 

12,297,805 

9,296,024 

6,850,442 


Cities starred lost population within their corporate limits during the decade ending in 1940. 


abnormally high This is only a partial explana- 
tion, however, for many urban centers are grow- 
ing more rapidly than census data indicate, and 
some aggregations which appear to have lost 
population during recent years may in reality 
have made appreciable or even substantial gams. 
This anomaly has been made possible by im- 
proved means of transpoitation and accompany- 
ing suburban development. This was led to 
slowly increasing, stationary, or even decreasing 
numbers within the corporate limits of the nu- 
clear city and marked giowth of the suburbs, 
though in a very real sense the inhabitants of 
these satellite population groups are and should 
be considered a part of the urban aggregation: 
the city and its suburbs, which is an economic 
entity. This movement of population beyond the 
corporate limits of the larger cities, where gain- 
ful employment is available, either into smaller 
satellite villages or towns, or even to small coun- 
try landholdings, has been prompted by two 
groups of factors. 

As cities increase in size, the problems which 
confront their inhabitants become increasingly 
numerous and complex and life in them is at- 


tended by many inconveniences i elated directly 
to size, such as the amount of time required to 
transact the smaller items of business of everyday 
life. They likewise become incieasingly noisy 
and generally unpleasant, for the smoke which 
indicates industry means dirt as well. Escape to 
the suburbs is the remedy of many, for there 
the air is free from objectionable quantities of 
soot. 

Again, cost of city services is high in major 
uiban centers, for their large size necessitates 
many and increases the cost of all. Therefore 
taxes become high and living costs rise. To these 
unavoidable costs in large cities has been added 
of late a continually mounting toll for relief, a 
city rather than a rural pioblem, with the result 
that present taxes are often confiscatory in char- 
acter and many cities have been forced to bond 
to the point of insolvency. This icpresents a 
capital levy. All or most of these disadvantages 
disappear once the corporate limits arc crossed, 
for they are lacking in the counti y and practically 
nonexistent in the smaller towns. 

Then, too, there are certain lather manifest 
advantages in residing outside of the large city, 


POPULATION CHANGES IN METROPOLITAN DISTRICTS 

1940-1946 



District 

1946 

Population 

Per Cent Change 
1940-1946 

District 

1946 

Population 

Per Cent Changi 
1940-1946 

1. 

New York-North Jersey 

11,700,000 

3 

6. Detroit 

2,200,000 

9 

2. 

Chicago 

4,470,000 

10 

7. Pittsburgh 

2,040,000 

-2 

3. 

Los Angeles 

3,539,000 

29 

8. San Francisco Bay 

1,996,000 

43 

4. 

Philadelphia-Camden 

3,375,000 

6 

9. St Louis 

1,630,000 

16 

5 

Boston 

2,865,000 

8 

10. Cleveland 

1,346,000 

11 


* 1940 populations are enumerations; those for 1946 are estimates only, but sufficiently accurate to illustrate 
trends. 
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where it may be necessary to live in a many- 
storied apartment building, for cheaper real 
estate makes the single house with a large yard 
a possibility and thus permits of gardens and 
flowers, which many enjoy. Life in the smaller 
communities is likewise more informal, which 
is appreciated by many, and social relationships 
are easier to establish. It is still true that one 
of the loneliest places in the world is the heart 
ol a large city, one where it is easy to make 
friends and find companionship, the country and 
the small town. Many consider this aspect of life 
in the smaller communities a great advantage. 
Moreover, city conveniences such as water sup- 
ply, gas, electricity, and telephone service are 
generally as available m the small towns as in 
the larger centers of population, and frequently 
in adjoining country districts as well. 

With these positive advantages and the possi- 
bility of escape from certain of the handicaps of 
the large urban center, plus ease of access to the 
place of employment assured by adequate trans- 
portation facilities, it is not surprising that many 
are deserting our larger cities for suburban de- 
velopments which promise a pleasanter place to 
live. 

Not all cities, of course, have been affected 
to the same extent by this countryward move- 
ment, which has been most pronounced in our 
larger urban aggregations and sometimes almost 
absent in those of smaller size, where land prices 
as determined by demand are lower and single 
houses with large lots become a possibility for 
persons of relatively small means. Further, the 
probability of extensive expansion is related to 
the attractiveness of the surrounding country and 
its ease of accessibility by good roads or some 
other means which do not impose too great a 
financial burden or loss of time. These factors 
will obviously affect not only the amount of 
suburban development but the direction of its 
occurrences as well, so that these extend various 
distances on different sides of any given city. 

Around Detroit, for example, which has 
changed from the pleasant residential city of 
285,704 inhabitants of 1900 to a great industrial 
center with an aggregate population in excess 
of 2,000,000, there has been much suburban 
development. To the north, it has spread beyond 
Birmingham and several intermediate villages, 
through the Bloomfield Hills to Pontiac, itself a 
city of 65,000 inhabitants, and even beyond to 


the lakes of Oakland County, on the shores of 
wLich are several villages of some size. To the 
northwest, it now extends out Grand River 
Avenue for many miles, to the west, it stretches 
each year nearer Ann Arbor, 38 miles away, 
and to a lesser distance easterly along the shores 
of Lake St. Clair. 

Several other large American cities have de- 
veloped peripherally to a similarly marked de- 
gree. Thus San Francisco, confined to an inelastic 
peninsular site and handicapped by internal topo- 
graphic conditions as well, has expanded east of 
San Francisco Bay into Oakland, today a city 
with approximately 300,000 inhabitants and 
suburbs of its own, and to its north and south 
in a continuously built-up shore fringe of smaller 
towns. 

By contrast, Minneapolis and St. Paul, with a 
combined population of approximately 1,000,000, 
have had but relatively slight suburban develop- 
ment. Only to the west of Minneapolis, toward 
famed Lake Minnetonka, has this development 
assumed marked importance. There, the attrac- 
tive, wooded moraine and numeious lakes are 
each year drawing larger numbers, especially of 
late, since the city financial structure threatens 
to break down under the load imposed by “social 
legislation.” Elsewhere, suburban development 
has been more limited, for the Twin Cities are 
widely dispersed over an extensive area which 
affords many pleasant residential areas in the 
absence of extensive industrialization. Yet even 
with these favoring conditions, though not show- 
ing a spectacular increase, the suburbs gained 36 
per cent in population during the decade ending 
in 1940, as contrasted with an increase of but 
6 per cent within the corporate hmits of the Twin 
Cities. 

The Future of Cities. Any attempt to predict 
what the future holds for our larger cities obvi- 
ously lies in the field of speculation, for the facts 
upon which a forecast must be based are limited, 
and it is relatively certain that some which should 
be available are lacking. However, it is interest- 
ing to consider some of the possibilities, even 
though not with the objective of arriving at a 
definite conclusion. 

One fact confronting us at present is that our 
large urban centers are growing very slowly, if 
at all. Thus the combined population increase of 
the 10 largest cities in the United States during 
the decade ending in 1940 was only a trifle over 
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3 per cent, and this occurred in but 40 per cent of 
the 10; the others suffered an actual decrease in 
size. From this, it would appear probable that 
growth within the corporate limits of most of 
our largest cities will not contmue, and certainly 
not at a rapid rate. Thus the changes which 
must be contemplated for the future will prob- 
ably be concerned with their internal structure 
and relations to their environs. 

Continued losses of population by most of our 
large cities, especially in those urban centers de- 
pendent on industrial development, as an accom- 
paniment of increased decentralization of manu- 
factures, is expected by some. This may be an 
extreme view, though it has much to commend 


It for thoughtful consideration. One change which 
will doubtless occur, though definite proof of 
that fact cannot be advanced, is that serious at- 
tempts will be made to restore blighted areas by 
increased zoning of activities and by encouiage- 
ment of slum clearance. It is probable also that 
attainment of social objectives will play an im- 
poitant part in fashioning the cities of tomoirow. 
That the future holds change in store is essen- 
tially certain, and it is likewise probably true 
that urban centers of the year 2000 will generally 
be pleasanter places in which to live than are 
those of the present. Beyond this, the student is 
left free to exercise his gifts of prophecy, such 
as they may be. 


QUESTIONS AND EXERCISES 


1 Why are cities few in number, widely scattered, 
and generally small in sparsely populated areas^ 
Does it necessarily follow tliat a densely popu- 
lated area will be characterized by extensive 
urbanization? Why^ What functions do compact 
settlements fulfill among primitive peoples? 
Why is initiation of urban development as we 
know it today deferred until sedentary occu- 
pancy is well established^ 

2. State the favored locations for cities How do 
they vary in importance from time to time^ 
Illustrate by examples. 

3. In what types of location did the earlier great 
cities of the world develop? Why? Illustrate by 
examples. 

4. Contrast Chicago and San Francisco as to ad- 
vantages of location and site 

5 Discuss the relation of city location and site 
Which IS more important^ Describe some city 
with a good location but a relatively poor site 
Is it possible to overcome the disadvantages of 
a poor site? Illustrate how this has been ac- 
complished for some city, if possible 

6. What is the probable future for urban develop- 
ment in China^ Why^ In what respects does the 
location of the Han cities promise considerable 
future growth for this urban center? 

7. Why are the large cities of the present of rela- 
tively recent development? Describe the growth 
of some American city to illustrate why this is 
true. 

8. What may cause villages, from which cities may 
later develop, to come into existence? State the 
functions of the early New England villages. 

9. Where do agricultural villages still exist in the 
United States^ Why? In what other parts of the 
world? Why? 


10 What IS the distinction between urban and 
rural population^ Between a village and a city''^ 
In what respects are these distinctions relatively 
unsatisfactory'^ 

11. Name the various classes of cities, giving an 
illustration of a city of each class. Which de- 
velop into the largest urban centers? Why^ 

12 Discuss the factors influencing city growth and 
their effect on the increase m size of selected 
cities, including some in the Orient. 

13 What determines the major outlines of the city 
form^ The internal features of the city plan? 
Illustrate by examples. 

14 What problems are introduced by the growth of 
large urban centers? How are they solved? Illus- 
trate by the solutions in specific cities 

15 Where are the areas of extensive urbanization 
located in the United States? Why confined to 
these areas^ 

16 Trace the development of urbanization m the 
United States. 

17. Describe the City of New York, including its lo- 
cation, site, beginnings, growth, population, and 
the basis for its economic activities. Why has 
it become the world’s most important urban de- 
velopment of the present day? 

18 How has the rapidity of urban growth in the 
United States altered during the past decade? 
Illustrate by examples. 

19. What IS the basis for the extensive suburban de- 
velopment around many of our larger cities? 
Why does its extent vary from city to city? Illus- 
trate by comparing the suburban development 
of Detroit and the Twin Cities. 

20 Insofar as it is possible to foresee at present, 
what changes are in store for the larger Ameri- 
can cities during the next century? 



chapter Forty 
AFTERWORD 


The earth is probably the only inhabited 
planet, for on the surface of no other is a fortu- 
nate combination of environmental conditions 
believed to occur, to provide a suitable setting 
for animate existence. Man shares this stage, 
where he plays his part in a series of shifting 
scenes, with other life, plant and animal: an 
association of interdependent organisms number- 
ing some two or three million kinds. Some of 
these are predators, but even those which are not 
compete in some manner with others for exist- 
ence, for all are parts of a related whole which 
has evolved through generations, extending back 
even into the remote pasts of geological time. 
All, too, are dependent on inanimate nature for 
their being and, in this relationship as well, there 
is interaction, for not only does the inanimate 
setting of the stage affect its animate occupants, 
but it is in turn modified by the life forms. In a 
very real sense, therefore, both the organic and 
inorganic elements of nature are parts of an 
ordered entity, bound together by such reciprocal 
relations as to ensure very slow and gradual 
change, except where man intrudes his presence. 

In the continuous, age-old struggle in nature, 
interaction between elements of the inorganic en- 
vironment, and between them, plants, and the 
lower animals is not directed by intelligent in- 
tent, but is physical and chemical only. Between 
the higher animals and all other elements though. 
It is something more: instinctive action by the 
animals with the single and direct purpose of 
satisfying the cravings of appetite. However, it 
causes no rapid change, for nature normally 
effects repairs after such raids on her bounty, 
without expulsion of the animal which causes 
the damage. Eventually, therefore, except where 
man may interfere with conscious purpose, a 
temporary adjustment is established in any single 


area, though the period of its persistence is 
everywhere limited, since it is subject to dis- 
turbance by a variety of factors, including some 
advantage gained in the organic warfare which 
rages continuously. 

Derangements of this type may be precipi- 
tated by even minor modification of either the 
organic or inorganic environment, often by the 
action of organic agencies, of a character to favor 
certain life forms, thus enabling them to meet 
the competition of their rivals more effectively. 
This, in turn, may react on the inanimate areal 
elements and lead to still further disturbance of 
ihe former temporary adjustment. Thus, even 
when not subject to external influence, the en- 
vironment of an area is in a state of slow but 
continuous flux, resulting from the competition 
of local life forms. 

When attack comes from without, the invaders 
are commonly known as 'Veeds,'’ sometimes de- 
fined as 'plants out of place,'" or as "animals of 
little value."" In areas from which such invaders 
come, they are held in check by long-time rivals, 
but when freed from their hereditary enemies 
and without equivalent effective competition, 
they embark upon a career of conquest. This is 
true for both plant and animal pests or weeds. 
Of conquest by the former, the rapid spread of 
the Russian thistle and bindweed or creeping 
Jenny in the United States affords excellent illus- 
trations; of that by the latter, the rapid prolifera- 
tion of the hare in Australia is a frequently cited 
example. 

These weeds always succeed best where oppo- 
sition is weakest, which will be where man has 
forced an uninvited entrance into a coordinated, 
adjusted society and substituted reluctant growths 
such as cultivated crops for species of native 
forms of life which have demonstrated their fit- 
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ness to survive through countless generations 
of uninterrupted struggle. Therefore it is but 
seldom that a solitary invader, a weed, estab> 
lishes itself in a wilderness; rather it meets with 
success only where man has located himself and 
paved the way. The only notable exception to this 
rule is afforded by man himself, for he alone is 
the willful and ‘'supremely successful weed,” 
able to intrude effectively where others fail and 
to establish himself at the expense of all other 
forms of organic life, both plant and animal, 
adopting and domesticating some for his own 
use and destroying or modifying others to his 
conceived advantage. 

The action of man on nature not only differs 
from that of the animals in degree but likewise 
in kind, since it is guided by an intelligent will 
and often directed at secondary or remote as 
well as immediate objectives. In practice, how- 
ever, though following from determined choice, 
most human achievement and progress have re- 
sulted from the teachings of extensive, somewhat 
haphazard individual experimentation accom- 
panied by many failures, for there are but few 
and relatively unimportant instances of success 
achieved by group planning. This may be in part 
because effective planning in its larger aspects 
requires omniscience and it is reasonable to sus- 
pect that this is not a human attribute. 

Therefore, though it may be possible for man 
to achieve progress by a series of small, carefully 
devised changes, ambitious schemes for remak- 
ing the world in a short period of time may 
properly be regarded with a measure of suspicion. 
It IS always well to remember that change is only 
something different, and that it may be for the 
worse as well as for the better. Indeed, if that 
undertaken is sufficiently extensive, the effects, 
if unfavorable, may even be catastrophic in char- 
acter. The old proverb “haste makes waste” states 
a fundamental truth which has sometimes been 
overlooked. 

In its original condition, it is true, the earth was 
not completely adapted to the use of man, but 
only to the support of species of wild Hfe. Hence 
some suppression and transformation of these 
forms, and stimulation of artificially modified 
productivity are necessary to fit it for effective 
human use. However, man has quite generally 
exceeded this desirable degree of change, his 
destruction becoming ever more energetic and 
unsparing as he advances in civilization, until the 


impoverishment which threatens him at last 
brings home the necessity for preserving what is 
left, if not that of restoring what has been wan- 
tonly wasted. Civilized man has far too long for- 
gotten that the earth was given him “for usufruct 
alone, not for consumption, and still less for 
profligate waste.” 

Thus, wherever civilized man has established 
himself, certain indigenous plant and animal 
species have been extirpated and supplanted by 
others; natural production has been restricted or 
prevented; and the face of the earth has either 
been laid bare or covered with new plant forms 
and alien animal life. These intentional changes 
and substitutions, though of great magnitude and 
importance, are, however, insignificant by com- 
parison with the contingent and unsought re- 
sults which have followed. This is because the 
ravages of civilized man everywhere subvert the 
relationships and destroy the balances of nature, 
thus bringing into play destructive forces previ- 
ously kept in check by organic agencies which 
should be man s best auxiliaries. Therefore the 
earth is fast becoming an unfit home for the 
human race, and another era of equal improvi- 
dence and of similar duration to that through 
which evidence of that improvidence is spread 
may produce such impoverishment as to jeopar^ 
dize civilization seriously. 

During the earliest periods of his existence, 
man produced no such devastation, for his num- 
bers were few, his distribution limited, and his 
success, even where he was able to establish him- 
self in an unfriendly world, was not conspicuous. 
In this stage of his development, he modified his 
environment but slightly, since he neither felled 
the forest nor tilled the soil, nor did he deplete 
the store of mineral wealth or exhaust other re- 
sources. Only after some initial progress and, in 
increasing degree thereafter, did he become an 
important despoiler of nature. 

When he became a toolmaker however, and as 
his progressively increased desires and needs 
compassed weapons, clothing, and other material 
possessions, his efficiency as a destructive agency 
augmented. Nevertheless, even then, his rela- 
tively small numbers, his comparatively few 
wants, and his inefficient weapons for long limited 
even the toll levied on life forms which afforded 
support to the earliest of populations. Further, 
the small reduction in the number of grazing 
animals effected by the demands of early man 
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was offset by destruction of some of the carnivora, 
of which they might otherwise have become the 
prey. 

With improvement of his implements and, 
particularly as knowledge of fabrication and use 
of metals spread, man’s ability to produce sig- 
nificant alteration of his environment increased 
markedly. At first, of course, the minerals used 
were few, but addition of others, both metallic 
and nonmetallic, to the number of known value 
increased rapidly and possibilities for effecting 
change multiplied correspondingly. Particularly 
was this true after introduction of the use of 
power, generated largely though not entirely by 
burning coal, itself a mineral. 

Man plays his part on the stage afforded by 
the surface of the earth in varying roles: some- 
times as a hunter; again as a pastoral nomad; 
often as a sedentary agriculturalist, and, with 
development of modern civilization, he engages 
in still other activities. He plays different roles at 
various times, and, again, different roles con- 
temporaneously, for he stages a story with a plot 
which is repeated many times, either in its en- 
tirety or in part, in different areas. 

When man became a tiller of the soil, his 
despoliation of nature increased apace, for to the 
limited levy on the fruits of wild growths was 
added eradication of native vegetation, to sub- 
stitute m its stead, not alone cultivated crops, but 
useless alien plants and animal life as well, which 
often flourished in their new environments at the 
expense of the native species. In addition, there 
is no doubt that unwise use of the soils has de- 
creased the extent of the arable land and the 
desirability and yields of that which remains in 
production. Not only has unwise cultivation 
robbed many soils of their former productivity 
by too heavy drains on their stored plant nutri- 
ents, but accompanying erosion, induced by un- 
wise tillage, has stripped the soil itself, either in 
part or completely, from many formerly produc- 
tive slopes and ruined the fertile land which 
borders them by deposit of sterile sand, mud, and 
loose rock. This is evident, not only in regions 
which have been long in use, such as those 
around the Mediterranean, but also for large 
areas in the United States. In many cases, these 
latter have passed out of cultivation within a few 
years after clearing from forest, to remain agri- 
culturally unproductive for an almost unpre- 
dictable period of time, and certainly for much 
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longer than that of white occupancy of the 
Americas. 

Satisfaction of the progressive desires of man 
has resulted in such great modification of the 
original environment that, except by deliberate 
design, often but httle remains of the original 
inheritance. Such great modification has occurred, 
indeed, that already the primitive aspect of the 
earth has disappeared wherever man lives in 
considerable numbers, often to an extent that 
reconstruction of earlier conditions is difficult or 
even impossible. Forests have been cleared; many 
species of animals have been largely destroyed; 
some are today extinct and known only as mu- 
seum specimens. Certain kinds of plants have 
suffered a similar fate and others, once numerous 
and widely distributed, have been reduced to the 
verge of extinction. 

We are able to see all this in retrospect, yet we 
cannot clearly foresee the future except to realize 
that additional and probably more important dis- 
turbances of the organic order are inevitable. 
In fact, this overturn of former conditions is 
unavoidable, in the same way and for the same 
reason that disappearance of the bison was in- 
evitable when need for the land sealed his doom. 
Only the smaller life forms, often inimical to man, 
are still resisting and waging successful, defensive 
warfare. In fact, they often attack, and effec- 
tively, as witnessed by the ravages of the gypsy 
moth, the corn borer, and the boll weevil in the 
United States; the tsetse fly in Africa; and locusts 
in many drier parts of the world. It may even be 
true that man’s invasion and modification of the 
environment favor their operations. Certain it is 
that, so far as we know at present, war on the 
insects may continue indefinitely and our success 
in coping with them effectively is far from certain, 
which suggests the important question as to what 
the future has in store. 

This will be largely within limits of man’s own 
determination and these limits will, as well, de- 
termine his place in the scenes which will be 
staged in the future, each an episode in the life 
history of the earth and its inhabitants. Europe 
has already been extensively modified; the sub- 
jugation of other continents will follow soon, but 
it may be well to consider critically whether all 
steps taken to accomplish such alterations are to 
human advantage, for both the present and time 
to come, though it is admittedly difiicult to fore- 
cast the needs of future generations in any detail. 
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However, insofar as that is possible, it should 
be done and our activities regulated accordingly, 
lor the story of the earth, its inhabitants, and 
their activities is a continued one, each install- 
ment or scene following logically from that which 
precedes. Therefore that of the future will be 
predicated on the one which is being written and 
enacted today. 

Man’s complex relation to his environment 
should be both dignified and realistic. He should 
recognize his oneness with nature and the obliga- 
tion this confers. With respect to the oiganic 
life about him, he satisfies this responsibility best 
by suppression of noxious forms and limitation 
of his destruction of others within the narrowest 
bounds practicable for his welfare. He likewise 
has an equal obligation to utilize the inorganic 
elements of the environment intelligently. In 
practice, however, this general concept of his 
place in the scheme of creation is so new and 
often so obscured by older misconceptions that 
many of his activities are contradictory. Much 
too often, therefore, the study of science disre- 
gards the unity of nature and resolves itself into 
an investigation of fragments, each a miniature 
world in itself with its own individual problems, 
conceived by their students to be all-important. 
Thus it so happens that upon geographers, per- 
haps more than any single group of scientists, 
devolves both the opportunity and obhgation to 
stress the oneness of nature, man’s proper place 
in the world of the present, and the relation of 
past, present, and future. 

We have a life interest in our heritage, it is 
true, but no right whatsoever to pursue a spend- 
thrift policy and squander the birthright of the 
race, without responsibility to future generations. 
Certainly we have some obligation to our suc- 
cessors, and therefore we should not, like chil- 
dren, take whatever the present offers with no 
thought of what the future may hold, for those 
who later look back on our deeds will not hold 
us blameless if we follow such a course. They will 
regard us as spendthrift at least, if not worse, 
even as we are today inclined to regard the 
primitive agriculturalists of the tropical forests 
and the early planters of Virginia, with their 
wasteful use of virgin soils. Civilization, indeed, 
cannot properly be considered to have reached 
full development until sterilization of the environ- 
ment is abandoned as a practice and reconcilia- 
tion with it has made more substantial progress. 
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Up to that time, we may logically be considered 
to have attained to no more than the later stages 
of barbarism, during which period of develop- 
ment the present only is of paramount im- 
portance and consideration of what the future 
may hold in store is deferred until necessity 
forces, often too late for effective action. 

Though it is late, it is still not too late for 
man to take steps to so adjust his activities as to 
profit most effectively from the opportunity 
nature offers. However, this will be possible only 
when realization is common that man cannot con- 
quer nature, that he exists only by her suftrance; 
and that his activities must therefore be regulated 
with that fact in mind. It is not too late, for the 
world is still in its youth, it may well be the 
home of man for a period of time which will 
make man’s previous history seem short indeed 
for, barring accident, life may persist for 100,- 
000,000 years or more, so far as can be foreseen 
at present. This is true at least insofar as the 
physical conditions of nature render this a possi- 
bility, for geological change is exceedingly slow. 
Neither the climate nor the atmosphere, nor the 
heat of the earth, for example, has changed 
greatly in recent geological time, which far ex- 
ceeds in length the period of its human habita- 
tion. In fact, the most important element in deter- 
mining the life of the human race on the earth is 
probably the character of man’s activities. 

That intelligent action is beneficial may be 
illustrated by the reclamation of the Landes or 
heath of Gascony in southwestern France. This 
5400 square miles of former moorland and marsh 
was once a sandy waste, underlain by an im- 
pervious subsoil of tufa or “alios,” and therefore 
so swampy that the “Landesats,” the inhabitants, 
could traverse it only on stilts. Dry in summer, 
drowned in winter, it afforded only scanty pas- 
turage for a few flocks. To add to its handicaps, 
this plain was subject to invasion by drifting sand 
which buried the soil and plant life and threat- 
ened extinction of all occupancy, for dunes, 100 
to 300 feet high along the ocean, driven by the 
wind, advanced to cover fields and houses. About 
the end of the eighteenth century, 1600 miles of 
ditches were dug and 1,600,000 acres were 
planted to maritime pines and oaks. These ar- 
rested the drifting sand; agricultural improve- 
ment became possible; recovery of the waste was 
assured. Today, disaster no longer threatens. 

In considering the geography of todav, we are 
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concerned primarily with current scenes and 
environmental elements, for it is subject to the 
limitations of this setting that present human ac- 
tivities are prosecuted. However, it should be 
realized that there is continuity m areal occu- 
pancy and activity. This is indicated by study 
of the geography of earlier periods. Therefore 
knowledge of the past is often fundamental for a 
satisfactory understanding of the present. 

These scenes, the parts of which are the various 
economic activities of man, manifested in both 
action and material results in the cultural land- 
scape, make up the play, staged in its entirety 
in a physical setting on the earth’s surface, and 
largely on the land. Seldom does one economic 
activity alone occur; normally, several are pres- 
ent. Thus, even in highly industrialized areas, 
there may be some associated agriculture, min- 
ing, and other industries, or in another type of 
region, dominantly agricultural in character, 
mining and some industry may afford part of the 
support of the population. Even in very dry areas 
such as the Kalahari, some of the population may 
carry on certain activities such as agriculture, 
difficult to explain except as a cultural inheri- 
tance. Only on the most extreme of the frontiers 
of human occupancy such as areas of polar cold 
do we find only one economic activity present, 
and not always even there. 

Man’s spread over the face of the earth and the 
extension of his activities are restricted not only 
by nature but by cultural inheritances as well, 
for the latter always play a part and are often 
the most important factors in establishing the 
limits of possible human advance. Seldom in- 
deed does nature exclude the possibility of hu- 
man support completely, even in the driest of 
deserts or the most inhospitable of polar areas. 
However, if man insists on making his living in 
some manner inherent in the culture of the group 
of which he is a member, and necessary for its 
continuance, human occupancy may became im- 
possible under those terms. 

The simpler the culture, the greater and more 
obvious are the restrictions imposed by environ- 
ment. Thus the Eskimo, who live largely by sea 
hunting, exist only where this activity is possible. 
Similarly, the Chinese find only those areas satis- 
factory which afford the possibility for carrying 
on agriculture with Oriental practices, though 
this eliminates from use much land that we would 
consider entirely suitable for production. By 


contrast, the more complex the culture, the 
greater the variety of areal conditions which 
permit man’s support. Therefore no other culture 
is so able to utilize varied opportunity effectively 
as that of the industrialized Western nations. 

It alone makes varied occupation possible and 
extensive urbanization feasible. Further, its 
spread, particularly marked of late, has tended to 
eliminate with each decade the former variety of 
the world’s occupancy. Nevertheless, study will 
always reveal the skeleton of the past, which 
supports the structure of the present, beneath the 
veneer which Western industrial civilization has 
superimposed. 

But such emancipation from crippling environ- 
mental limitations always increases the interde- 
pendence of populations, sometimes diverted into 
artificial channels by attempts at national self- 
sufficiency which interfere with the free flow of 
trade. This interdependence of the populations of 
the earth is brought home with redoubled force 
when the open hostilities of military warfare 
impose restrictions on the normal movement of 
commodities. Then we are prone to speak of cer- 
tain materials which we lack as ‘‘strategic,” 
though they are equally strategic in times of 
peace. Thus we then think of manganese, for 
example, as a strategic metal, though only a few 
pounds are necessary to make a ton of steel; 
for without steel, modern war cannot be waged 
successfully. However, it is equally true that 
manganese is a strategic metal m times of peace 
for, without it, modern industrial development 
would be impossible. 

Further, it is not alone the metals which are 
strategic materials, for food is certainly funda- 
mental for military operations, forest resources 
must be drawn on extensively to enable fighting 
successful campaigns; and many of the animal 
products of both land and water afford raw ma- 
terials, useful in times of war as well as when 
peace prevails. When one considers the facts, it is 
apparent that it is the huge-scale movement of 
varied commodities, not minerals alone, which 
makes both modern military wars a possibility 
and peacetime pursuits a reality. 

Thus with the present organization of Western 
industrial development, there must be continu- 
ous economic warfare between nations, for equit- 
able access to and division of the world’s wealth 
of land and water does not exist and will not 
become a fact until human nature and national 
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ambitions as manifested by government alter 
more than appears possible within the lifetime 
of the present generation of man. These are the 
teachings of the past which cannot be disre- 
garded without recourse to wishful thinking as a 
substitute for acceptance of realities, and with- 
out courting certain embarrassment and probable 
actual danger if such idealistic thinking should be 
implemented by surrender of our heritage of 
natural advantage. Certainly the ^"have’’ nations 
possess an opportunity to use their resources as 
a means of keeping the peace and, for the present 
at least, this seems to hold forth most promise 
as a method of limiting the incidence and spread 
of war. 

This economic warfare, which rages continu- 
ously, determines to a large extent both the vol- 
ume and direction of flow of trade. Thus in 
times of peace we restrict movement of certain 
commodities by price regulations, sometimes 
called “tariffs,’' which may constitute practical 
embargoes without the necessity for so designat- 
ing them. In this manner we wage economic war 
on those we desire to handicap, while at the 
same time favoring others by preferential agree- 
ments when we believe these to be to our advan- 
tage. In times of peace, such restrictions may not 
be obvious to the average individual, for they 
are purposely disguised to avoid undue friction; 
in times of military conflict, this is not the case, 
for it is then advantageous to have all appreciate 
their effects. Therefore they may masquerade as 
“sanctions,” which accomplish no more than a 
prohibitive tariff in times of peace. 

With less direct dependence on the soil, and 
particularly where such rehance does not enable 
complete support of existing population, the im- 
portance of control of adequate supphes of raw 
materials and the necessity for the free flow of 
trade increase apace. Today it is so great among 
all advanced populations that access to and suc- 
cess in securing such necessities, not the amount 
of cannon fodder alone, measure military might. 
This does not mean potentialities in these re- 
spects, however, but actual development of ac- 
cess and means of supply, so that they may be 


available when needed. 

The world’s geography is therefore a potent 
force in either ensuring peace or waging effective 
war, for only those nations which have can en- 
force the peace or fight successful wars, even 
those of defense alone. Therefore we should as- 
semble adequate data with respect to the re- 
sources of the earth we inhabit so that we may be 
able to better adjust our activities to the newly 
emerging relations of the present, when distances 
have disappeared and isolation is no longer possi- 
ble because of that fact. Further, this is doubly 
important because the future holds promise of an 
even greater interdependence of populations in 
the day which has only dawned as yet. 

One of the peculiarly disturbing developments 
within the past few years has been the apparent 
lack of a predictable pattern in the changes 
which have occurred. This was not so true in the 
past, and it is perhaps in part a result of the stage 
of progress of the human race which has intro- 
duced problems which most persons, including 
even those in public office, find beyond their 
ability to solve effectively. If this is correct, and 
some believe it to be so, it introduces a real 
question as to what man s future may be. 

Upon the student of geography devolves the re- 
sponsibihty to assist in solving these problems, for 
it is these changing scenes which result from the 
impress of successive civilizations that are his 
principal concern. He describes them; he at- 
tempts to explain or interpret them; he may even 
venture to forecast the future, with limitations. 
It would be a narrow view of the subject indeed 
which excluded man and his varied activities, 
even though the major objective were only to 
obtain a knowledge of the solid and fluid masses 
which constitute the earth, for all are affected by 
man, who is so largely a destructive agency. 
Thus the study of both man and his environment 
becomes necessary for a proper understanding 
of our assets and our problems, a study of the 
earth according to its areal differentiation, which 
is geography, the one subject among the sciences 
whose field compasses, not a “microcosm,” but 
the entire surface of the earth. 
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Chapter Forty-One 

THE DEVELOPMENT OF MAPPING 


The Earliest Maps. Paralleling early specula- 
tion as to the shape of the earth and measure- 
ments of its size, attempts were made to represent 
its known surface by maps. The oldest of these 
which have been preserved, made approximately 
2500 years before the birth of Christ, were ex- 
tremely crude. They were actually diagrams on 
clay tablets rather than maps as we know them 
today. Doubtless still earlier representations of 
the surface of the earth were made, but of these 
we have no record. We know, however, that 
primitive populations, particularly if nomadic in 
their habits, map crudely in graphic form the 
areas with which they are familiar. Thus Arctic 
explorers. Parry, Ross, and others, profited by 
such “picture” maps made by the Eskimo; Cook, 
by maps of Tupaya, a Tahitian, and the Spanish 
explorers, Cortez and Pizarro, by the maps of the 
Aztecs and Incas. Inasmuch as we know of these 
and other similar maps made by less advanced 
populations within the period of history, it is fair 
to assume that, long before the dawn of civiliza- 
tion, other populations of a comparable stage of 
development made similar maps. The fact that 
none of these has been preserved does not de- 
crease the probability that such maps were made 
and used. 

Early Greek Maps. By the time of Herodotus, 
about 450 B.C., the known world of the Greeks 
embraced the lands bordering the Mediterranean 
and extended as far to the east as India. Maps 
of this period, though inaccurate, portrayed the 
Mediterranean lands in recognizable shapes. By 
200 B.C., the known world had expanded to in- 
clude the British Isles, and maps with crude 
parallels and meridians had been produced. For 
example, Eratosthenes’ map of the world had a 
middle parallel which passed through the Strait 
of Gibraltar, six other parallels, and seven meri- 
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dians, though the spacing of these lines is not like 
that on any map of today. 

The Beginning of Mapping by Modern Meth- 
ods. It remained for Claudius Ptolemy, a mathe- 
matician, astronomer, and geographer who lived 
and worked at Alexandria about the middle of 
the second century after Christ, to devise a scien- 
tific system of parallels and meridians. Though 
based on insuiBBcient and inaccurate data, it is 
true, his use of these lines was fundamentally 
that of the present. He, for the first time, used 
the terms “latitude” and “longitude” in associa- 
tion with his greatly improved method of map 
projection. His work, neglected by the Romans, 
whose maps were not based on scientific proce- 
dure, became one of the foundations of geography 
during the Medieval period, its influence per- 
sisting until the close of the sixteenth century. 
Ptolemy’s work became known in western Europe 
after its translation into Latin in 1410 A.D. It 
was first published in 1475 A.D. In all, seven 
editions were issued, ample evidence of the 
esteem in which it was held at that time. The 
earliest printed geographies of the fifteenth cen- 
tury were not only patterned after the system of 
Ptolemy but they were as well in considerable 
part only translations and amplifications of his 
work. They were even known as “Ptolemies.” 

Errors in the Early Maps. A fundamental diffi- 
culty with all the early maps of the world was 
that they were based on insufficient and inac- 
curate data. Methods and instruments for the 
precise determination of position, that is, latitude 
and longitude, are essential for accurate map- 
ping and these were not available. Crude instru- 
ments for securing latitude were in use as early 
as the time of Eratosthenes, but accurate meas- 
urements were not made until 1526 A.D. Accu- 
rate determination of longitude is even more 
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Fig. 403. Map chart made by the Marshall Islanders o£ the Pacific. The shells represent islands, the 
framework is partly to permit support and proper spacing of the shells, partly to show the prevailing 
curvature of the wave fronts. (Courtesy of the Geographical Journal, October, 1928, London.) 


difficult. Not until 1735 A.D., with the invention on them. For hundreds of years it was necessary 
of the chronometer, was it possible to ascertain to leave the interiors of continents such as Africa 
longitudes satisfactorily and precisely. Thus, and Asia blank or fill them with imaginary rivers 
during the period from about 250 A.D. through and lakes. Today, by contrast, there are few parts 
the Medieval period, maps were necessarily im of the world of which this is true, and such areas 
exact. Some, like the earliest ones known, were shrink continually in extent, 
diagrams rather than maps, and pictures of living Maps of the Medieval Period. The maps of the 
creatures, both land and sea animals, appeared Medieval period were of two classes: the church- 



HERODOTUS 450 B.C. 

Fro 404 The world according to Herodotus (After Times Atlas ) 



SOUTHERN 
LIMIT OF 
KNOWN WORLD 


ALEXANDRIA 


ERATOSTHENES 240 B.C. 

Fifi 405 The world according to Eratosthenes (After Dickinson and Howarth ) 
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men's and the sailors’, or ‘ portolano maps.” The 
latter were coast-line charts, dating from about 
1300 A.D. and compiled in part before there 
was knowledge of the compass in Europe. By 
1500 A.D., these latter maps had attained a con- 
siderable degree of accuracy insofar as coast 
lines were concerned. Later, by extension of the 
mapped area inland, they were expanded into 
world maps. During this period, however, maps 
were unscientific, except for the portolano charts, 
and even these were unreliable away from the 
actual coast, for no attempt was made to employ 
latitude and longitude to plot the exact location 
of places. 

By 1500 A.D., many tolerably accurate maps 
of small areas had been produced, but it was not 
until 1617 that the modern methods of survey 
had been perfected which made accurate maps 
of larger areas possible. By the seventeenth and 
eighteenth centuries, maps based on such sur- 
veys were in existence for most of western Europe. 


By 1700, Delisle had produced a cartographic 
masterpiece for this period in his map of the 
world and, somewhat later, D Anville finally 
eliminated the fantastic rivers and imaginary 
lakes from his map of the world, leaving the 
interior of Africa blank. This marked the final 
disappearance of the Ptolemaic influence. 

Development of Mapping in the Far East and 
the Moslem World. Mapping developed inde- 
pendently in the Far East at least as early as the 
third century B.C., but unknown to the Western 
world until hundreds of years later, and with no 
effect even then, except as available data enabled 
compilation of atlases such as that of the Chinese 
Empire by the Jesuits. Even the rise of Moslem 
culture between 700-1400 A.D., though marked 
by the production of gazetteers, accounts of 
travels, and speculation concerning the function 
of environment in human affairs, had little or 
no effect on Western mapping practice, for 
graphic representations of the earth's surface by 



Fig. 406. The world according to Ptolemy. This map is drawn on a modified conic projection. Latitude, 
or distance north and south of the equator, is shown in degrees at the right and left; the 180-degree longitudi- 
nal extent of the known world at that date at the top and bottom of the map. It will be noted that, though 
latitude is reckoned from the equator as it is today, the principal meridian, or the one with a lonmtude of 
zero degrees, passes through the legendary Fortunate Isles, probably the Canary Islands, whereas the one in 
common use today is the meridian of Greenwich. (See Chap. XLIII.) 





Fig. 407. Portolano chart of the Mediterranean, 1500 AD. ( After Dickinson and Howarth. ) 



Fig. 408. Mercator chart of the world, 1569 A.D. 
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THE WORLD c 1800 


Fig. 409. The world as mapped about 1800 A D., drawn on a Mercator projection. By this date, the out- 
lines of the continents were portrayed with considerable accuracy, and the principal meridian used was tliat 
of Greenwich. 



Fig. 410. This map shows the areas for which excellent, detailed maps are available; those mapped 
in less detail, but with published maps based on continuous surveys; those areas for which maps not based 
on continuous surveys nave been made; and those either very poorly mapped or unmapped at present. 
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Fig. 411. This map shows the land area for which sheets of the International Map of the World, drawn 
on a modified conic projection, are available. 


the Moslems were crude and limited in number. 
Thus the effects of cartographic developments in 
both the Far East and the Moslem world on 
present-day mapping have been of slight if any 
importance. Since the sixteenth century, indeed. 
Oriental mapping has been dominated by Occi- 
dental influence. 

Modern Mapping and Modern Maps. Since the 
middle of the nineteenth century, Germany has 
been the major center of cartographic work; 
during the eighteenth century, it was France; 
still earlier, it was the Netherlands. Today we 
have large-scale, detailed maps for a large frac- 
tion of the earthy's surface. Such maps are avail- 
able for Germany, France, the British Isles, and 
other countries of western Europe. Though less 
progress has been made in mapping Asia, there 
are excellent maps available for both Japan and 
India. Of the other continents, portions are well 
mapped; of other parts, good maps are lacking, 
but this deficiency is being remedied rapidly. 
For our own country, detailed maps, prepared by 
the United States Geological Survey, are now 


available for about 50 per cent of the total area, 
with many new sheets being issued each year, so 
that in the not distant future we shall have 
similar large-scale maps for the balance of the 
United States. 

The International Map of the "World. A project, 
under way and partly completed, is the ‘Inter- 
national Map of the World,” on a uniform scale 
of 1:1,000,000. This world map will consist of 
approximately 1500 sheets, excluding the oceans. 
Of these, about 25 per cent have been published. 
Sheets are now available for Latin America; most 
of Europe, Africa, and southern Asia; and parts 
of North America, Australia, and eastern Asia. 
When all are published, we shall have, for the 
first time in history, a map of the world on a uni- 
form and large scale. Since this map is compiled 
fiom existing maps, however, different sheets 
must vary considerably in reliability, and reli- 
ability sometimes varies as well within the area 
covered by a single sheet. Despite this limitation, 
the sheets of the International Map of the World 
represent a major cartographic contribution. 


QUESTIONS AND EXERCISES 

1. Wliat is the approximate date of the first map 2 What is our basis for belief that primitive popu- 

of which we have any record^ In what respects lations of the distant past often made and used 

does it differ from maps of the present date? maps? 
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3. Report on the polar explorations of Ross and 
Parry and those of Captain Cook in the Pacific. 
At what dates were these made and what areas 
were visitedi^ 

4. In what respects did the paiallels and meridians 
of Eratosthenes’ map of the world differ from 
those of maps of the present day? 

5. By what name were early geographies known? 
Why was this an appropriate name at that time? 

6. In view of the dimensions of the inhabited 
world as known to Ptolemy, why was it logical 
to measure longitude or length in an east-west 
direction and latitude or width in a nortli-south 
direction? 

7. Why were the early maps of the Western world 
so inaccurate? What is a chronometer? How 
would it be useful in determining longitude? 


8. How do * portolano charts” or maps differ from 
most maps as we know them today? 

9. About what time did mapping develop in the 
Far East? What was the effect of Far Eastern 
and Moslem cartography on mapping m the 
Western worlds 

10. Which of the continents are mapped most ade- 
quately? Why? 

11. What fraction of the state in which you live has 
been mapped adequately with good topographic 
maps? 

12. What is the International Map of the World? 
On what scale is it drawn? What are the ad- 
vantages of having such a map^ For what paits 
of the world are sheets available? Are all sheets 
equally reliable? Why? Are single sheets equally 
reliable in all portions? Why? 
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chapter Forty-Two 
MAP PROJECTION 


Maps and Map Projection. The only true 
representation of either the entire or any con- 
siderable portion of the earth’s surface is on a 
globe, only for small areas is it possible to make 
satisfactorily accurate representations or maps on 
a plane. This is because only for such small areas 
is the departure of a plane from the curved 
surface of the spheroidal earth so slight as to be 
negligible. Nevertheless, maps rather than globes 
are commonly used because of their greater 
practicability and convenience. 

In all, there are four elements commonly 
shown as accurately as possible on maps. These 
are: (1) area, (2) direction, (3) distance, and 
(4) shape. In addition, maps are sometimes 
made to show the shortest routes of travel, that 
is, so that straight lines connecting points on such 
maps represent these routes. 

To show area accurately, each square inch of 
surface on the map must represent the same num- 
ber of square miles as every other square inch of 
surface on the same map. To show direction satis- 
factorily, any straight line on the map, and all 
lines parallel to it, must be of constant compass 
direction. To show distances to advantage, a 
straight line connecting two points on the map 
must be the line which can be measured to secure 
the number of miles between them. To show 
shapes correctly, the proportions of the minor 
geographical features of both land masses and 
bodies of water must be preserved. A map with 
this quality is said to be “conformal.’’ 

Since all maps are compromises, it is impossible 
to show all of these elements on a single map. 
By devising a proper system of parallels and 
meridians, however, it is possible to show one 
of the four effectively and some of the others 
with relatively slight and unobjectionable error 
or, if preferable, to show all inaccurately, but 


most with such small error that the map can be 
used for many purposes. 

From the foregoing consideration, it is ap- 
parent that different kinds of maps can be made 
for the same area, each valuable for specific uses 
only. Therefore it is important that students 
of geography, who make use of maps, become 
familiar with the limitations and uses of the more 
important types. 

Parallels and meridians can be drawn on a 
globe in their proper relationship, but this is 
impossible on a flat surface. There are, however, 
some curved surfaces approximating that of a 
globe, such as those of cones and cyhnders, 
which can be spread out without stretching or 
tearing. These are called “developable” surfaces 
by contrast with the surface of a globe, which 
cannot be flattened without distortion or separa- 
tion. By use of such developable surfaces, lines 
of sight from the center of the globe, or from 
some other selected point, may be projected to 
the surface of either a tangent or secant cone or 
cylinder which, when cut and unrolled so that 
it is flat, will have a mesh of parallels and merid- 
ians on which the outlines of the land masses and 
bodies of water may be plotted. 

Since a framework of parallels and meridians 
might be obtained by this procedure, using either 
a plane or a developable surface, it is called a 
“projection.” In practice, however, few if any 
projections are made in this manner, but by com- 
putation, many being so modified that their rela- 
tionship to any developable surface, even if 
present, is difficult to detect. Irrespective of 
derivation, however, a map projection is any sys- 
tematic or orderly grid or pattern of parallels and 
meridians on which the earth s surface may be 
shown, either in part or in its entirety. The ap- 
pearance of the map and its utility will be deter- 
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mined by this grid, for there are a large number of 
projections, many of limited value and not in 
common use. 

Though there is no possible classification of 
projections into mutually exclusive groups, four 
general types are recognizable: 

1. Equal area projections, useful for plotting 
distribution. 

2. Conformal projections, in which the shapes 
of small areas are preserved on the map. 

3. Azimuthal projections, in which the azimuth 
or direction of every point on the map, as seen 
from some central point, is the same as the cor- 
responding azimuth or direction would be on 
the earth. This would be a very valuable feature 
if it could be true for all, as well as for the 
central point on the map, but since this is im- 


possible, the azimuthal feature is generally inci- 
dental, except on maps designed for special 
purposes. 

4. Perspective or geometric projections, in 
which the mesh is or can be derived by direct 
projection, through lines of sight from some given 
point, to the surface on which the map is to be 
drawn. This may be either a plane or a develop- 
able surface. 

In the description and discussion which follow, 
grouping of the individual projections is deter- 
mined by the type of area for which each is used 
rather than by the class into which it falls. This 
is largely as a matter of convenience for students, 
but in part as well because some of the projec- 
tions may be classified under more than one 
heading. 
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Cylindrical Equal-area Projection. As the name 
suggests, this projection shows area correctly but, 
as can be seen in the accompanying diagram, 
Fig. 412, it is likewise a perspective or geometric 
projection. Meridians are equally spaced on the 
projection, as on the equator o£ the globe, to 
which the cylinder is tangent. The unevenly 
spaced parallels are located by projection of hues 
of sight in the planes of the parallels of the globe 
to the surface of the tangent cylinder. This 
produces a rectangular mesh with great east- 
west distortion in polar areas, but with fairly good 
representation of shapes near the equator, where 
the surfaces of the globe and the cylinder more 
nearly coincide. Because of the peculiar shapes 
of the land masses, this projection is used but 
little. 

GalVs Stereographic Projection. This perspec- 
tive projection differs from the preceding one in 
that the lines of sight, which determine the loca- 
tion of the parallels, are projected from one end 
of the diameter of the sphere, as shown in Fig. 
413, to the surface of a cylinder which cuts the 
globe 45° North and South latitude respectively. 


midway between the equator and the poles. This 
produces some compression of equatorial areas 
but, to compensate, it reduces polar distortion 
and, near either 45° North or South, the error 
is slight, which makes it possible to show middle 
latitudes effectively. For this reason, the projec- 
tion is rather widely used by Europeans. 

Mercators Projection. The Mercator projection, 
devised in 1569, is the most important of the 
cylindrical projections. In it, the cylinder, on the 
surface of which the map is drawn, is conceived 
to be tangent at the equator. Therefore the merid- 
ians, which are all vertical hues, are spaced 
equally, with spacing true to scale at the equator. 
Spacing of the parallels is variable, being so 
adjusted that, for small areas, the relation be- 
tween east-west and north-south distances is the 
same as on the globe, thus producing conformal- 
ity in limited areas. This spacing of the parallels 
cannot be obtained by construction but is secured 
by computation. Since the parallel of 60° is only 
one-half the length of the equator on the globe, 
but of equal length on the projection, this preser- 
vation of relationships between east- west and 



Fig. 414. Mercator’s projection. 
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north-south distances produces a fourfold exag- as well as permit repetition of parts hy east and 
geration of area at 60° of latitude; at 80° of west extension of the mesh, their general use is 
latitude, it is thirty-sixfold; and, at still higher unfortunate. This is because they tend to create 
latitudes, even greater. Since the poles would be erroneous impressions as to the comparative areal 
represented by straight lines at infinity, this map extent of land masses and oceans and hence are 
seldom extends beyond 80° of latitude and, even unsuitable for showing distribution, for which 
with such a limitation. South America, which is use they are frequently employed. When used 
actually eight times the size of Greenland, ap- for its proper purpose, however, the Mercator is 
pears to be smaller on the map. one of the most valuable of the projections. 

This is the only projection which shows all Homolo graphic Fr ejection. This projection, 

compass directions by straight lines. Therefore sometimes known as the “Mollweide” and the 
it is used for mariner’s charts and in mapping "‘Babinet’s equal-area projection,” was devised by 
by the United States Coast and Geodetic Survey. Karl Mollweide in 1805. It is used extensively in 
When used by mariners, the great-circle route, Europe for world maps for, if that continent is 
which is generally one of continuously changing given a central location on the mesh of parallels 
compass direction, is plotted as a series of short, and meridians, the other land masses are dis- 
straight lines of constant compass direction or tributed effectively. Because of distortion of 
'loxodromes” and, in sailing, compass direction is peripheral areas, it is not so popular in the United 
followed along each of these short paths. Ordin- States. 

ary map scales cannot be used on the Mercator In this projection, the equator, divided true to 
projection. Therefore nautical charts have no scale, is twice the length of the central meridian, 
such scales, but degrees of latitude and longitude which is a straight line. All other meridians, 
are shown, which permits approximate scaling of except those of 90 degrees on either side of the 
distance, since 1 minute of latitude equals 1 nau- principal meridian, which together form a circle; 
tical mile, the determined value of which varies and the bounding meridians, which describe an 
slightly from country to country. (See Ghap. ellipse, are elliptical arcs, equally spaced along 
XLIII.) the straight, horizontal parallels. Parallels are so 

Most commercial maps of the world are drawn spaced that the belt between any two represents 
on this projection, but though they present the an area comparable to the corresponding area on 
entire surface of the earth without subdivision, the globe, hence area is shown correctly. Scale 



Fig, 415, Mollweide’s homolographic projection. 
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Fig. 416. Aithoff's projection. 


is true only on the equator, being exaggerated 
along the other parallels and somewhat reduced 
along the central meridian in high latitudes. 
Within the limitations as stated, this is a rather 
satisfactory projection for mapping the entire 
surface of the earth or even the hemispheres. 

Aithoffs Projection. This is similar to the Moll- 
weide equal-area projection in that the major axis 
of the bounding ellipse is twice the length of the 
minor axis, the principal meridian. However, the 
curvature of the parallels reduces both polar and 


marginal distortion to the east and west. Its equal- 
area characteristic makes it valuable for mapping 
distribution, more than oflFsetting the disadvan- 
tages resulting from the fact that it is not con- 
formal and that shapes are distorted. 

Interrupted Homolosine Projection. This pro- 
jection is a combination of the homolographic 
and sinusoidal: sinusoidal between 40° North 
and South; homolographic in the higher latitudes. 
It may be interrupted in either the oceans or the 
land masses, dependent on which of the two it is 



Fig. 417. Goode's interrupted homolosine projection. 
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Fig. 418. North Polar azimuthal equidistant projection. 


desirable to show with continuity. This inter- 
ruption makes it possible to give each continent 
a mid-mendian, thus affording the best shapes it 
is possible to secure with the two proj'ections 
which are combined. Derived as it is from two 
equal-area projections, it shows area correctly 
and likewise shares in the advantages of the 
horizontal parallels of the parent projections. It is 
not, strictly speaking, a new projection, but only 
a rearrangement of two which have been in use 
for more than a century However, it serves a 
useful purpose and is very good for showing 


distribution, though the discontinuity of the map 
interferes with use for certain purposes. 

Azimuthal Equidistant Projection. On this pro- 
jection, straight lines radiating from the center 
of the map represent great circles, and distances 
along them are true to scale. It is, however, im- 
possible to construct a map which will show all 
distances correctly because of the inevitable dis- 
tortion on all flat maps, but this projection 
permits determination of distances correctly from 
one point, the center of the map. Such a map is 
useful in aeronautics, radio, seismology, and for 
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Fig. 419. North Polar gnomonic projection. 


other purposes. It suffers from the handicap that North Pole, and their equally spaced radii are 
a separate map is necessary for each center from meridians. Scale change is so rapid that great 
which it is desired to scale distances. Though distortion is introduced in the marginal portions 
ordinarily made for more hmited areas, it is possi- if the map is extended and, obviously, a com- 
ble to construct such a map for the entire globe, plete hemisphere cannot be represented. In Fig. 
When this is done, both areas and shapes are 419, the outermost parallel is that of 25® North 
badly distorted, as shown in Fig. 418. ' ' latitude. 

Gnomonic or Central Frojection. This results This projection possesses the advantage that 
from the projection of lines in sight from the a straight line connecting any two points on the 
center of the sphere upon a tangent plane. In the map represents a great-circle route, or the short- 
polar case shown in Fig. 419 the common center est route of travel between them. Used in con- 
of tlie circles representing the parallels is the nection with the Mercator chart, this projection 
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Fig. 420. Orthographic projection and its construction. 


has great practical value, for it affords a source 
from which great-circle routes may be plotted 
on the Mercator chart as a series of short, broken 
straight lines, which will fix the compass route. 
Many charts have been made on the gnomonic 
projection so that various great-circle routes may 
be used in part only, if interruption of one is 
necessitated by obstacles to navigation. 

Orthographic Projection. In the grid of the 
vertical case of this projection, the parallels are 
horizontal lines; the meridians, except for the 
straight central and the bounding meridians, 
which together form a circle, are arcs of ellipses. 
It is obtained by projection on a perpendicular 
plane, with the eye at an infinite distance, as 
shown in Fig. 420. In this particular case, the 
map extends from pole to pole, though the 
oblique cases, with a different pattern of parallels 
and meridians, are met with more commonly, 
(See Fig. 248 and the end papers in your text.) 
Because of the impression of sphericity it conveys? 
various cases of this projection are used fre- 
quently, though the map produced is neither 
equal-area nor conformal. Some of the recent 


use of this projection has been peculiarly unfor- 
tunate because it has been so misleading. 

Other projections used for mapping the hemi- 
spheres, which likewise create the impression of 
sphericity, are the globular and the stereographic. 
In the latter, lines of sight are projected from the 
end of the diameter of the sphere opposite the 
plane of the grid; in the former, from some dis- 
tance beyond the end of the diameter. Both of 
these projections have meshes with curved paral- 
lels and meridians. 

Lambert Equal-area Azimuthal Projection. 
Though this projection, designed by J. H. Lam- 
bert in 1772, does not properly belong in the 
perspective class, it can be constructed graphi- 
cally as shown in Fig, 422, when the pole is at 
the center, in which case the radii of the circles 
which represent the parallels are the chord dis- 
tances from the parallels to the pole. Meridians 
are drawn as equally spaced radiating straight 
lines. This makes a good projection for polar 
areas; the equatorial case is often used for the 
hemispheres; the oblique for the continents. 
Though these last two are more difficult to con- 



MAP PROJECTION 


607 



Fig. 421, Sinusoidal projection and its construction. 


struct than the polar case, prepared tables which tion, it makes studies of comparative latitude 
are available reduce this handicap considerably, simple, for the parallels are horizontal hnes. 
Because of the small-scale error, this is a valuable Therefore it makes an excellent base for mapping 
projection. population densities, natural resources, and other 

Sinusoidal Projection. This projection was em- facts, even for the entire world. Many such 
ployed as early as 1606 in the Mercator atlases, world maps are scattered through your text, 
but without a name. Later, it was named the Conic Projections. In these, the map is drawn 
‘‘Sanson-Flamsteed” projection. It is also some- on a sector of a circle, a portion of the unrolled 
times called the ‘sinusoidal projection, because surface of a cone. The magnitude of the angle at 
the meridians are sine curves. This is a very useful the center of the sector will vary with the longi- 
projection for mapping continents, particularly tudinal extent of the area mapped and other con- 
Africa and South America, and by interruption of ditions imposed by the projection, 
the oceans it may be extended to map the entire Simple Conic Projection on a Tangent Cone. 
surface of the earth. This, in fact, is one of the In the simple conic projection, the grid is plotted 
two projections used in the interrupted homolo- on the surface of a tangent cone as shown in 
sine projection described earlier. It is valuable Fig, 423. Parallels are concentric circles and the 
because it shows area correctly; distances are meridians are equally spaced straight hnes. Be- 
correct on all parallels and the mid-meridian; cause such a method of construction would pro- 
and shapes of the land masses are good. In addi- duce uneven spacing of the parallels, a correction 
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is applied so that they are spaced evenly at their 
true distances. Therefore, in practice, the ele- 
ments of this projection are expressed mathe- 
matically rather than derived by construction. 

Conic Trojeciion on a Secant Cone. By use of 
two standard parallels and a secant cone, it is 
possible to produce either a conformal conic 
projection or one which shows area correctly. 
Which one of the two is preferable for a given 
use depends on whether conformahty or equal 
area is the more important property. In the past, 
it is probable that the latter was considered more 
desirable for most uses, but of late, conformal 


conic projections have enjoyed a considerable 
degree of popularity and have been widely used 
by the Army and in air navigation. They are like- 
wise used by the United States Weather Bureau. 
(See Fig. 456.) 

Polyconic Projection. The basic idea of the 
polyconic projection is the mapping of narrow 
east- west belts of the area to be shown on a series 
of cones, each tangent along a parallel in the 
middle of the narrow north-south belt to be 
represented. In practice, however, the projection 
as used is somewhat modified. 

In this projection, the central meridian is a 



Fig. 424. Alber’s equal-area conic projection with two standard parallels. 
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straight line and the parallels are arcs of circles 
which are not concentric, though the centers of 
all lie in the extension of the central meridian as 
shown in Fig. 425. Along the central meridian, 
distances are proportional to the true distances on 
the earth; those between the meridians, all except 
the center drawn as smooth curves, are like- 
wise proportional to true distances on the earth 
along the respective parallels of tangency. From 
Fig. 425 it will be seen that this introduces dis- 
tortion, except along the principal meridian. 
Thus the polyconic projection is neither con- 
formal nor equal area, though near the principal 
meridian the errors are very slight; farther away, 
the error becomes considerable. 

Though not a particularly good projection for 
mapping the United States, because of its width, 
it is used for the topographic maps of the United 
States Geological Survey, in spite of the fact 
that only those sheets along the central meridian 
fit accurately. It was likewise used earlier by the 


United States Coast and Geodetic Survey and is, 
even now, much used by government agencies, 
despite the curving meridians and the scale error 
of its margins. It is therefore, the most common 
projection employed in mapping the United 
States, lor most such maps are based on govern- 
ment publications. Modified, it is used for the 
1 : 1,000,000 map of the world, for which use the 
small-scale error is a suflScient advantage to offset 
the disadvantage that sheets do not fit one an- 
other perfectly in all directions. 

Other Projections. The projections described 
do not exhaust the list, but they include all used 
in the text and most of those of importance and 
in common use. In addition to those for which 
illustrations are supplied, two others may be 
mentioned: the rectangular and the Bonne. The 
former, used mostly for cities and other small 
areas, consists of a rectangular mesh, with scales 
true on the meridians and central parallel only. 
Though neither conformal nor equal area, its 
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simplicity of construction makes it practical, if 
the area represented is not too extensive. The 
Bonne projection, designed by the French cartog- 
rapher of that name who lived during the 
eighteenth century, has a straight central meri- 
dian, a standard parallel derived as in other conic 
projections, and all other parallels concentric 
with the principal one. Meridians are curved 


lines drawn through points which divide the 
parallels truly. If the standard parallel is the 
equator, this projection becomes identical with 
the sinusoidal. The Bonne projection, which is 
often used for mapping the continents, shows 
area correctly and shapes accurately along the 
central meridian. It is also used for topographic 
maps in small countries such as the Netherlands. 


QUESTIONS AND EXERCISES 


1. Why is it impossible to represent the earth's sur- 
face accurately on a plane? Why are flat maps 
rather than globes in common use despite this 
fact? 

2. What four elements is it desirable to show as ac- 
curately as possible on a map? What is meant by 
showing area accurately? What is meant by the 
statement that a map is “conformal”? 

3. What IS meant by a “projection”? How are 
projections obtained in practice? What is a “de- 
velopable” surface? Why are such surfaces use- 
ful in making maps? 

4. Into what four classes may maps be divided? 
What are tlie characteristics of each class? 

5. Name the cylindrical projections described in the 
text. Which one of them shows area correctly? 
Which one is rather widely used in Europe but 
not in the United States? Why? 

6. Which one of the cylindrical projections de- 
scribed is most widely used in the United States? 
What advantage does it possess? Why is it a 
poor projection to use for showing distribu- 
tion? 

7. What are the advantages of the homolographic 
projection? Describe the pattern of its parallels 
and meridians. Why is this projection often used 
in European maps of the world? 

8. In what respects does the pattern of parallels 
and meridians of Aithoff's projection differ from 


that of the homolographic projection? What ad- 
vantage does this produce? 

9. What projection, much used for world mapping 
in the United States, is made by combining 
parts of two projections? What advantages does 
it possess? From what disadvantage does it 
suffer? 

10. For what use is the equidistant projection de- 
vised? Is it possible to determine die distance in 
miles between any two points on this map? If 
not, between what points? 

11. For what is the gnomonic projection used^ Ex- 
plain how it is used by mariners in connection 
with the Mercator chart. 

12. Name three projections which convey the idea 
of sphericity, all used in mapping the hemi- 
spheres. Which one of the three is used for the 
maps, the end papers in your text? 

13. What projection is commonly used in mapping 
polar areas? What advantages does it possess for 
such use? 

14. What are the advantages of the Sanson-Flam- 
seed or the sinusoidal projection? For what con- 
tinents is it generally used? 

15. For what uses have conformal conic projections 
enjoyed considerable popularity of late years'^ 

16. What projection is most commonly used for 
mapping the United States? Why? Why is this 
not a particularly good projection for such use? 
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Chapter Forty-Three 

THE EARTH’S DIMENSIONS 
AND MATHEMATICAL LOCATION 


Shape and Size of the Earth The earth is 
spheroidal in shape, flattened, but not equally, at 
the two poles, the opposite ends of the axis of 
lotation. There are also other departures from 
sphericity. For example, the equator is not a 
perfect circle, which introduces minor differ- 
ences in the curvature of the meridians, circles 
drawn through the poles. Because of these ir- 
regularities of shape, the mathematical center of 
the earth is not located exactly in the plane of 
the equator. Thus, of the regular geometric solids. 


the one which most nearly represents the earth is 
an oblate spheroid though, more accurately, its 
form, disregarding minor surface irregularities 
such as mountains and valleys, must be described 
as that of a geoid, or the spheroidal mathematical 
form which most closely coincides with the actual 
shape of the earth. 

Earth Measurements. Many measurements 
have been made from the time of Eratosthenes or 
earlier down to the present to determine the exact 
dimensions of the spheroid, tor such information 






EARTH MEASUREMENTS AND PLACE LOCATION 


is of value to astronomers, surveyors, and many 
others. At present, therefore, we know the size 
of the earth to within very narrow limits, though 
additional measurement will continue for many 
years, both for purposes of verification and to 
determine minor departures from the general 
shape. Some of the estimates of the size of the 
earth are based on astronomical facts; others on 
pendulum experiments; and some on caieful sur- 
veys such as actual measurement of arcs of 
parallels and meridians. From work done in the 
past it is now known that the equatorial diameter 
of the earth is approximately 7926 miles and the 
polar diameter 27 miles less, or about 7899 miles. 
More accurately, according to the 1909 computa- 
tions of Hay ford, the equatorial diameter is 
7926.68; the polar diameter, 7899.98; and the 
difference between them, 26.70 miles. The flat- 
tening at the poles, indicated by the shorter 
diameter, is assumed to have resulted from rota- 
tion, paiticularly when the earth, in its earlier 
stages of development, was more plastic than at 
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present. Though these determined dimensions 
may later be subject to some correction, it is 
believed that the possible erroi in each is not 
great, for the results of several different computa- 
tions made between 1841 and the present differ 
but slightly more than a mile, and those made 
recently, by less than half that much. The value 
of a geographical or nautical mile is based on 
these measm-ements which, differing somewhat, 
causes the value assigned to this unit of measure- 
ment to vary slightly in different countries. Thus 
our nautical mile equals 6080.20 feet; that of 
Great Britain, the Admiralty miles, is 6080 feet; 
that of France and Germany is about 4 feet 
shorter, or 6076 feet. 

Latitude and Longitude. Latitude, in its ordi- 
nary meaning signifying ^ width,” is measured 
north and south because the world, as known and 
mapped in earlier times, was longer east and 
west than north and south. Latitude is therefore 
measured from the equator along a meridian, 
the number of degrees, minutes, and seconds in 
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16 
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47 
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77 
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90 
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the arc of the meridian between the equator and 
a given place being its latitude. If the earth were 
a perfect sphere, all meridians would be perfect 
circles, and 1/360 of each, or 1 degree, would 
have the same value in miles. Reference to the 
accompanying table of values of degrees of lati- 
tude, however, will show that in reality the value 
of a degree of latitude is somewhat greater near 
the poles than at or near the equator. This in- 
crease in value in higher latitudes results from 
the fact that 1/360 of the circle of which the 
polar part of the meridian is a portion has a 
greater value than 1/360 of the smaller circle of 
which the same meridian nearer the equator is a 
part. This diflference in the size of the circles 
results from the fact that the earth is roughly an 
oblate spheroid in shape. (See Fig. 427.) 

Longitude or “length” is measured east and 
west because the earlier known world, confined to 


areas around the Mediterranean, was longer east 
and west than north and south. It is measured 
along parallels, or lines drawn parallel to the 
equator, from a selected meridian known as the 
“prime” or “principal” meridian, and expressed 
in degrees and subdivisions of degrees. Thus the 
longitude of a point on the earth s surface is the 
number of degrees, minutes, and seconds in the 
arc of the parallel between that point and the 
prime meridian. Longitude is commonly reckoned 
today from the prime meridian which passes 
through the former site of the Royal Observatory 
at Greenwich, near London, though other meri- 
dians are sometimes used as the starting point 
for measurement. Thus the French may use that 
of Paris; the Portuguese, that of Lisbon; and we, 
that of Washington, D.C. However, unless de- 
signated otherwise specifically, when longitude is 
stated among English-speaking peoples it is 
understood to be reckoned from Greenwich. The 
value of a degree of longitude varies within wide 
limits, as shown by the accompanying table, for 
the parallels are circles of quite different size. 
Therefore 1/360 of one, or 1 degree, may be very 
different from 1/360 of another. The maximum 
value will be along the equator, which is the 
largest of these circles, and values will decrease 
north and south to the poles, where it will become 
zero. 

From these values, as tabulated, it is obvious 
that the location of a point on the earth's surface 
may be described within very narrow limits by 
stating its latitude and longitude. For example, 
the Time Capsule, containing various items char- 
acteristic of our present civilization and buried 
50 feet deep under the Westinghouse Building 
at the New York World's Fair, was located 40° 
44' 34.089" North latitude and 73° 50' 43,842" 
West longitude, with an error of less than 1 inch, 
by the United States Coast and Geodetic Survey. 
Therefore, when it is to be removed and opened 
for the inspection and benefit of future genera- 
tions, 5000 years hence, it will be possible to find 
it without difficulty. 


QUESTIONS AND EXERCISES 


1. What is the shape and size of the earth? How 
have these been determined? Within what lim- 
its of error do we now know the size of the 
earth? Of what importance is this knowledge? 
What is the major departure of the earth from 


sphericity? How does this departure affect the 
shapes of the meridians? 

2. What is meant by “longitude”? By “latitude”? 
Why are they measured as they are? From what 
is each measured? In what units of measure? 
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3. What is the value in miles of a degree of latitude 
near the equator? Near the poles? Why the dif- 
ference? 

4. What is the value of a degree of longitude in 
miles at the equator? At the poles? Why this great 
variation in value? 

5. How accurately is it possible to locate a point 
on the earth's surface by stating its latitude and 
longitude in degrees, minutes, and seconds? 

6. What IS the latitude and longitude of your home 
town in degrees, minutes, and seconds? What 
would be the dimension in miles of a quadrangle 

SELECTED 

Johnson, W. E., Mathematical Geography, American 
Book Company, New York, 1907, Chap. II 

This reference affords a discussion of the shape 
and size of the earth, latitude, longitude, and 
antipodal areas. 


1 minute of latitude by 1 minute of longitude in 
the latitude of your home town? Of a quadrangle 
1 second of latitude by 1 second of longitude in 
your home area? 

7. What spot on the earth's surface has an antipodal 
location with reference to your home town? Why 
is Australia sometimes referred to as *‘down un- 
der"? 

8. What is the value of a nautical mile in feet? Why 
does it vary slightly in value in different coun- 
tries? What is the value in feet of the British 
Admiralty mile? 

REFERENCES 

Raisz, E., General Cartography, McGraw-Hill Book 
Company, Inc., New York, 1938, Chap. V. 

This chapter deals with the earth's dimensions, 
parallels, and meridians. 



chapter Forty-Four 
MAP SCALES 


Map Scales, In its essential aspects, a map is 
a black and white or colored sketch, somewhat 
like that drawn by an artist, though different 
techniques and conventionalized symbols are 
used in its construction. Like the landscape pro- 
duced by the artist, it also represents a portion of 
the earth's surface on a reduced scale. In the 
picture, the reduction is relatively slight and 
easily appreciated, but on the map it is so great 
that some measure or scale to show the propor- 
tional relationship of the map to the area it 
represents becomes desirable. 

Such scales are expressed in three different 
forms, sometimes one and sometimes more than 
one accompanying a given map. These forms are 
as follows: 

1. A ratio scale, which expresses the numer- 
ical relation between linear dimensions on the 
map and the same dimensions on the earth's 
surface as a ratio or fraction, for example, 
1:4,000,000. This indicates that if two points 
are 1 inch apart on the map, assuming that there 
is no distortion of distance on the map, they are 
actually 4,000,000 inches or 63.1313-|- miles 
apart on the earth's surface, that is, the ratio 
between distances on the map and the earth's 
surface is 1:4,000,000. 

2. An ' mch-to-inch” scale, in which the value 
of an inch on the map is expressed in miles, by 
use of words, for example, 1 inch to 10 miles. 
This expression of the scale is often employed on 
maps for popular use. 

3. A graphic scale, in which a line is marked 
off in divisions which show distances on the map. 
This is likewise a common method of expressing 
the scale on maps designed for general use. 

The usual ratio scales employed in countries 
which use the metric system are: 1:100,000, 
1:200,000; in the British Empire, 1:63,360, 


Fig. 428. A senes of maps to show the effect 
of enlargement and reduction on tlie map scale. 

1:126,720; in the United States, 1:62,500, 
1:125,000, and multiples of the second number 
of the ratio. Direct reading of values from these 
scales IS simplest in the first of the three, where 
1 centimeter corresponds to 1 kilometer, when 
the scale is 1:100,000. If there is no scale stated 
on a map, one may be secured by remembering 
that the value of 1 degree of latitude equals 
approximately 69 miles. The measurement should 
be made in the center of the map or on a straight 
meridian, to avoid error. 

Scale Change by Map Enlargement or Reduc- 
tion. When a map is either enlarged or reduced, 
the scale of miles changes. For example, if the 
two cities represented by dots on Fig. 428A are 
1 inch apart on the map, the actual distance 
between them is 15,840 inches or M miles, as 
shown by the ratio scale below. If this map is 
reduced in size, as shown in Fig. 428B, the dis- 
tance between the two cities will be only half 
as great, or % inch on the map. However, the 
two cities are still 15,840 inches, or % mile apart. 
Therefore /2 inch on this map represents 15,840 
inches or % mile, and 1 inch represents 31,680 
inches or ¥2 mile. Therefore the ratio scale is 
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1 31,680. If the map is again reduced, as shown 
in Fig. 428C, so that the cities are only 14 inch 
apart on the map, the scale will become 1:63,360, 
or 1 inch equals 1 mile, for there are 63,360 
inches in a statute mile. In the case of map 
enlargement rather than reduction, the scale 
would undergo a similar change, but in the 
reverse direction, that is, 1 inch on the map 
would represent a decreasing number of miles 
with enlargement. 

Since most map reduction or enlargement is by 
photographic processes, it is desirable to use 
scales which will change in proportion to the re- 


duction or enlargement in size of the map photo- 
graphed. The only one of the scales for which 
this would be true is the hneai scale. Therefore 
this is used in making maps for reproduction, as 
may be noted by examining the maps in the text. 

Inasmuch as most maps are not designed to 
show distances accurately, and no map shows 
distances truly in all directions, it is impossible 
to scale ofiE exact distances between most places 
on a map. If the area mapped is small, however, 
the error is not great and, even when it is larger, 
approximations which are useful may be secured 
by use of the scale of miles given on the map. 


QUESTIONS AND EXERCISES 


1. What are the three types of scales of miles used 
on maps? Which ones are most common on maps 
designed for general use? Why? 

2. What are the common ratio scales employed in 
countries which use the metric system? In the 
British Empire? In the United States? 

3. If a map with a ratio scale of 1.4,000,000 is re- 
duced in size so that two cities which are 1 inch 
apart on the original map are only M inch apart 
on the reproduction, what will be the ratio scale 
for the reproduction? 


4 Of the three types of scales used on maps, which 
one IS it best to use on maps designed for repro- 
duction? Why? 

5. Why is it generally impossible to secure the true 
distance between two places on a map by use of 
the scale of miles? What type of map would it be 
best to use to secure distances correctly^ Why is 
the error m distances less on maps of small areas 
than on those of maps of larger regions^ Even 
though this is true, is it possible to determine dis- 
tances between places accurately on most maps? 



chapter Forty-Five 

DIRECTION ON MAPS AND COMPASS DECLINATION 


Direction on Maps. Directions on the earth’s 
surface are determined with reference to the 
two geographical poles, which are the ends of the 
axis of rotation. Thus two points north and south 
of one another lie along the path of the same 
meridian and two points east and west of one 
another along the path of the same parallel. 

Compass Declination. The magnetic compass. 


however, commonly used for determining direc- 
tion, does not point toward the geographical but 
the magnetic poles, which are located northwest 
of Hudson Bay in the Arctic and in South Vic- 
toria Land in the Antarctic, within the polar 
circles but several hundred miles from the geo- 
graphical poles. Thus there are but few places 
on the surface of the earth where the compass 



Fig. 429. Chart showing magnetic declination for the world. Along the lines marked O, the agonic lines, 
the compass needle points due north and south. Along these lines, therefore, no correction of the compass 
reading is necessary. Elsewhere, however, this is not true for, to the east of the agonic line, the compass 
needle points to the west of north; west of the agonic line, to the east of north. Departure is equal along the 
numbered lines trending with the agonic line, the so-called “isogonic lines,” or those along which the 
declination is equal. The amount and direction of this declination is indicated in degrees on each isogomc 
line, (After the U. S. Coast and Geodetic Survey.) 
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needle actually points north and south. There- 
fore, to permit its effective use, the direction and 
extent of this deflection must be known within 
relatively narrow limits. 

This departure, or the magnetic declination, 
is the angle between true and magnetic north. 
It is either east or west, dependent on whether 
the compass needle points to the east or west 
of true north. Not only does the direction in 
which the compass needle points change from 
place to place, but also from year to year, and 
even sufficiently during the day in a given place 
to make it necessary to take the change into 
account in accurate surveys. For example, if a 
mile-long line is run at 8 o’clock in the morning, 
and again about 2 o’clock in the afternoon of the 
same day, using the same starting point and 
compass bearing each time, the change in com- 
pass direction during that interval of time may 
be sufficiently great to cause the terminal points 
of the two lines to be more than 20 feet apart in 
the two surveys. This is a considerable difference 


and generally sufficient to be of practical im- 
portance. 

Because of the great practical importance of 
knowledge of compass declination, not only for 
nautical use but for land survey as well, the 
magnetic work of the Coast and Geodetic Survey 
has been extended to cover the interior of the 
United States. This is desirable because nearly 
all early land surveys in the United States were 
made by compass, and boundaries in deeds are 
therefore described by compass bearings. Fur- 
ther, the compass is still much used in travel and 
survey. Therefore it is essential that the correct 
allowance be made for declination, especially 
where deviations reach such extremes as those of 
98 to 102 degrees observed by Admiral A. H. 
Markham in polar exploration. Even in lower 
latitudes, the decimation is often considerable, 
as shown in Fig. 430, and therefore necessary to 
take into account in travel for any considerable 
distance or for surveys of even relatively short 
lines. 
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QUESTIONS AND EXERCISES 


1. What are the geographical poles? The magnetic 
poles? Where located*'^ 

2. Why is it generally necessary to apply a correc- 
tion to the compass reading to determine true 
north^ Where would such a correction be unnec- 
essary? 

8. What is an agonic line^ An isogomc line? Is the 
agonic line for die United States to the east or 
west of where you hve? 

4. What is the departure of the compass needle from 
true north where you live^ 

5. Is the departure of the compass needle from true 
north constant from time to time at a given place? 


6. When Columbus crossed the Atlantic, his sailors 
were disturbed by the changing direction m 
which the compass needle pointed as they trav- 
eled westward. How great a change did they 
note? 

7. Note the irregularities in the northern boundary 
of Tennessee. What parallel does this boundary 
follow approximately? Explain how lack of 
knowledge of compass declination may have 
caused these irregularities, at least m part 

8. What are some practical uses of knowledge of 
compass decimation'^ What United States govern- 
ment agency maps compass decimation? 



chapter Forty-Six 

REPRESENTATION OF ELEVATION 
AND RELIEF ON MAPS 


Representation of Elevation. Elevation, or dis- 
tance above mean sea level, may be shown on a 
map by two methods: (1) use of color and (2) 
by contour lines. When color is used, the various 
shades of green represent land of slight elevation 
and below sea level, the yellows, browns, and 
reds, areas of progressively greater elevation. The 
exact values assigned to each color may be deter- 
mined by use of the key which accompanies the 
map. The use of contour lines to show elevation 
is discussed later in this chapter under the head- 
ing “topographic maps.” Examples of such use 
in your text are afforded by Figs. 181, 184, 189, 
195, 196, 197, 202, and many others. 

Representation of Relief. Relief, or the degree 
of surface irregularity of the land, may be shown 
on a map by either one or by a combination of 
two of the three following methods. (1) by use 
of shading, (2) by hachures, and (3) by contour 
lines. When shading is employed, the colors 
ordinarily used are either brown or black, the 
former used by the United States Geological 
Survey, the latter on maps sold for general use. 
The second method of showing relief, by use of 
hachures or lines drawn parallel to the slope, is 
used for several maps in your text, such as Figs. 
156, 273, 280, and 286. The use of contour lines 
to show relief is discussed later in the chapter 
under the heading “topographic maps.” Illustra- 
tions of such use are afforded by Figs. 181, 184, 
189, 191, 196, and 206 in the text. Though not 
designed to show relief directly, it may often be 
inferred from the pattern of colors on a map, 
where color is used to show elevation. 

Topographic Maps. A topographic map is one 
which shows the elevation and other character- 
istics of the land forms, that is, whether slopes 
are gentle or steep and the exact degree of slope 


of surface irregularities of the land. The best 
method of accomplishing this objective is by use 
of contour lines. 

On the map. Fig. 431, the elevation along- 
shore at mean sea level, the datum plane from 
which elevation is reckoned, is 0. Away from 
the coast, the land surface rises gradually to an 
elevation of 20 feet, along the line on which this 
elevation is indicated, which is, therefore, a con- 
tour line, or one drawn through points of equal 
elevation. Still farther inland, the land surface 
rises to greater elevations, as shown by the num- 
bers on the other contour lines. Where slopes are 
steep, the contour lines are close together; where 
gentler, they are more widely spaced. Thus not 
only do the contour lines show elevation but their 
spacing indicates steepness of slope. 

The contour interval is the vertical interval or 
the distance ascended or descended in travel 
from one contour line to the next. Where slopes 
are gentle, it is desirable to use a small contour 
interval such as 5 feet in order to show relief 
effectively, but in very rough or mountainous 
country it may be necessary to use a larger in- 
terval such as 100 feet. Otherwise the contour 
lines would be so close togethei as to create con- 
fusion and defeat the purpose of using them. It 
is true, of course, that a large interval does not 
permit indication of minor surface irregularities, 
but this omission may be necessary, either where 
relief is great or where the small scale of the map 
does not permit more than showing the general 
details of surface configuration. 

Such topographic maps, first used in the early 
part of the eighteenth century, are often of great 
value, for they may be so drawn as to show both 
elevation and relief in great detail. Elevations 
may be read directly from the contour lines and 
621 
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Fig. 431. Sketch of a land area above; a contour or topographic map of the same area below. (After the 
U. S. Geological Survey.) 


estimated accurately for points intermediate be- In printing these maps, three colors are always 

tween them; relief is indicated by the closeness used, often four, and sometimes five. Blue is used 

of the pattern of these same lines. When carrying for all water; brown for all elevation, both con- 
details of military importance, such maps are tour lines and numbers which show exact eleva- 
known as ^‘military maps." tions; and black for the works of man such as 

At the present time, almost all countries pub- buildings and roads. Some maps also show forest 

lish topographic maps, with elevation and rehef in green, and a few of those on a large scale show 

shown by contour lines, though the mapping certain features such as main highways in red. 
agency differs from country to country. In the These maps, which should be of great interest to 

United States, these maps, each covering a small all and of great value to many, are sold at cost by 

area, are made by a division of the Geological the Geological Survey and, at a small profit, by 

Survey. When all are completed, we shall have, many stores which stock the sheets of local 

for the first time, an accurate, large-scale map of interest, for which the demand is sufficient to 
the entire United States. make it worth while. 
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QUESTIONS AND EXERCISES 


1. What is meant by ‘'elevation*? How may eleva- 
tion be shown on a map? When colors are used 
for that purpose, what does each represent? 
What color is used for areas below sea level? 

2. What is meant by "relief*’^ State three ways in 
which relief may be shown on a map What are 
"hachures*? How may relief be inferred in a 
case where colors are employed on a map to 
show elevation? 

3. What is a topographic map? How is steepness 
of slope indicated on such a map? How would 
a vertical cliff be shown on such a map? 

4. How may elevation be determined from a topo- 
graphic map? What is the elevation of Florence, 
Fig. 184^ The elevation of Broad Street School 
on the same map? 


5. What is meant by the “contour interval**'^ Under 
what conditions is it desirable to use a small con- 
tour interval on a map? A large contour interval? 

6. What contour interval is used in Fig. 189? Why 
is it desirable to use a relatively small interval 
on this mapf^ What is the contour interval used 
in Fig. 206? Why is it desirable to use this m- 
tervaP 

7. What is a “military map”? How does it differ 
from an ordinary topographic map? 

8. What agency issues topographic maps m the 
United States? 

9. What colors are used on the topographic maps 
published in the United States? What does each 
color show? 

10. Of what practical value are topographic maps? 


SELECTED REFERENCES 


Beaman, W. M., Topographic Instructions of the 
United States Geological Survey, Bulletin 788-E, 
Washington, 1928. 

This manual, issued primarily for those engaged 
in making topographic maps, will be found of in- 
terest, for it affords a discussion of methods em- 
ployed in making such maps. 


Deetz, C. H., Cartography, Special Publication No. 
205, 2d ed , U. S. Coast and Geodetic Survey, 
Washington, 1943, Figs 16, 17, 18, 19. 

Fig. 16 shows a topographic map in color, Figs. 
17 and 18, relief shown by hachures; Fig. 19, a 
combination of hachures and contour lines to show 
elevation and relief. 



chapter Forty-Seven 
LAND SURVEY 


Land Survey, In the absence of fixed reference 
points established by previous surveys of con- 
siderable areas, it becomes necessary to describe 
the boundaries of small tracts of land by refer- 
ence to streams, established highways, trees, and 
markers such as stones. When this is done. 


lengths of boundaries are determined by measure, 
and the direction of their trend is stated by com- 
pass direction. This is known as location by 
“metes and bounds.” 

This system of location is used extensively in 
many parts of the world and was followed during 



Fig. 432. Maps to show the irregular boundaries of counties, townships, and individual landholdings in 
the area of early settlement in eastern Massachusetts. “A” shows die location of Essex County with reference 
to the state; “B” tliat of the Town of Manchester in the county. In “C,” the solid black area, enlarged in “D,” 
is an individual landholding, allocated to Captain Thomas West in 1699, when the common holdings of the 
Town of Manchester, divided into north, east and west divisions by measure, and markers of stakes and blazed 
trees, were subdivided among individual owners. (Based on maps and data by R. C. Allen, and H. E. Evans, 
County Engineer. ) 
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the Colonial period and for some time thereafter 
in the United States in the absence of previous 
accurate surveys. Therefore it is still m common 
use in the states of earlier settlement (See Fig. 
432.) Though this is a simple method for de- 
scribing a small tract of land, rivers change their 
courses, the compass needle varies in its pointing 
from time to time, and landmarks such as trees 
die and decay. Therefore such a system often 
gives rise to uncertainty as to the exact location 
of boundaries and may cause much litigation. 
Further, such a system of survey is accompanied 
by great variation in description and very ir- 
regularly shaped landholdings, as indicated in 
Fig. 432. There, the legal description of the 
tract 'D’" is as follows: "‘The thirty-first lot in the 
Westerly Division of Common Rights in the Town 
of Manchester, made in the year of our Lord one 
thousand six hundred ninety-nine.’’ This tract is 
bounded as follows: ‘At the northeast corner 


with a maple tree between him (Captain West) 
and Abraham blasters, from that westerly 30 
poles to a hemlock tree between him (Captain 
West) and Abraham Masters, from that southerly 
westerly 39 poles to Morgan’s Stump, from that 
southeasterly 44 poles on said West’s farm hne to 
a black oak, and from that 66 poles northwest- 
ward to the first point.” This tract of land of 
approximately 10 acres is today subdivided into 
several smaller parcels, with the subdivision 
based on the original description. 

The system of description by metes and 
bounds has so many obvious disadvantages that, 
when the land north and west of the Ohio River 
passed into national ownership. Congress pro- 
vided for its survey into quadrangular units, each 
6 miles “square” and containing approximately 
36 square miles, Thomas Hutchins being ap- 
pointed “Geographer of the United States” to 
carry out this plan, supposed to have been sug- 
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gested by Thomas Jefferson. The plan as em- 
bodied in law provided that ''The surveyor . . . 
shall proceed to divide the said territory into 
townships of six miles square, by lines running 
due north and south, and others crossing these at 
right angles, as near as may be.” Thus townships 
are bounded by parallels and meridians, the con- 
vergence of the latter making each contain only 
approximately 36 square miles. The system as it 
is in effect today is described in the following 
paragraph and illustrated in Fig. 433. 

Townships are numbered east and west from 
principal meridians, shown in Fig. 433. Thus, 
Town 5E, will be the fifth township east of the 
principal meridian from which it numbers. The 
townships are similarly numbered north and south 
from selected parallels or base lines, shown in 
Fig. 433. Each township, which is 6 miles 


"square” and contains approximately 36 square 
miles, is subdivided into 36 sections, each con- 
taining 1 square mile or 640 acres. Thus a farm 
of 160 acres, occupying the northeast quarter of 
Section 6 in the diagram in the lower left-hand 
corner of Fig. 433, is described as follows: N.E. 
/4 of Sec. 6, T1 N., R.2E. This means that it is 
the northeast quarter of the northwest section 
of the first town north of the base line and the 
second east of the principal meridian. 

This system of survey by township, range, and 
section has numerous obvious advantages, in- 
cluding that of fixing boundaries definitely and 
possible of reestablishment if fences or other 
landmarks are destroyed. It likewise makes for a 
rectangular system of highways at regular inter- 
vals by contrast with those where farms are de- 
scribed by metes and bounds. 


QUESTIONS AND EXERCISES 


1. What is land description by "metes and bounds”? 
Under what conditions is such a description nec- 
essary? Why was it used in New England during 
the Colonial period? Is it used there today? 

2. In what terms and in what manner is a tract of 
land described by metes and bounds? What are 
some of the disadvantages of such a system of 
land description? 

3. When was the township, range, and section sys- 
tem of land survey initiated^ Wlio is credited with 
suggesting this system of land survey? Who car- 
ried out the first surveys of this type in the United 
States? 

4. What parts of the United States have a town- 
ship, range, and section system of land survey? 


What is meant by the "base line”? The "range 
line”? 

5. How many sections in a township^ How are they 
numberedi^ How many acres in each section? 

6 If you owned the N ¥2 of the N.W K of Sec. 36 
in a township, how many acres of land would you 
own? 

7. How many miles will it be from the south bound- 
ary of T.ION. to the base line from which the 
township is numbered? 

8 What system of land survey is used in your home 
state? What are some of the advantages of a town- 
ship, range, and section system of land survey? 
How does it affect the road pattern^ Is this an 
advantage or a disadvantage? In what respects? 


SELECTED REFERENCES 

Johnson, W. E., Mathematical Geography, American terestmg amplification of the discussion of land sur- 
Book Company, New York, 1907, Chap. XI. vey in the text. It should prove of practical value. 

This reference affords a considerable and in- 



chapter Forty-Eight 
SOLAR RELATIONS 


The Earth and the Solar System. The earth is 
part of the solar system, which comprises nine 
planets with their satellites or moons, several 
hundred smaller planets known as ‘‘asteroids” or 
“planetoids”; and occasional visitors such as 
comets and meteors. The planets with their satel- 
lites and the asteroids all revolve in an approxi- 
mately common plane around a central incandes- 
cent body, the sun, from which the earth derives 
sufiBcient but not too much heat to make life 
possible on its surface. All the planets, including 
the earth, are relatively small by comparison with 
the sun, which has a diameter of 866,500 miles, 
more than 100 times that of the earth and in ex- 
cess of 9/2 times that of Jupiter, the largest of the 
planets. It is so huge, indeed, that a man who 
weighed 150 pounds on the earth would there 
weigh over 2 tons, because of the greater pull of 
gravity. Thus he would be unable to lift his arm 
and it is doubtful whether his bony framework 
would support his body. 

Though seafarers observed the “bended sea” 
as long ago as the time of Homer, early accounts 
of the earth accorded it a flat surface and tales 
of mariners and others which indicated its 
sphericity were classed as fantastic fabrications. 
The first record of a dawning realization that the 
earth is speroidal in form is dated about 500 B.C., 
but within a relatively short time thereafter, ap- 
proximately 300 B.C., Aristarchus proposed the 
heliocentric theory, which taught that the earth 
rotates on its axis and revolves around the sun. 
This was soon accepted by most scholars of that 
day, though later discarded and not revived until 
the time of Copernicus (1473-1543), who again 
promulgated the teachings of Aristarchus, so 
long in disrepute. However, defenders of this 
theory were forced to resort to humiliating sub- 
terfuges to support it, for at that time such beliefs 
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were thought by many to be heretical in charac- 
ter, because contrary to the teachings of the 
Scriptures. 

Rotation of the Earth. To most early observers, 
the earth, disregarding minor surface irregulari- 
ties, appeared to be flat and covered by the rotat- 
ing dome of the sky, in which the stars occupied 
fixed positions. This was because conditions on 
the earth are, from the standpoint of the indi- 
vidual observer, much the same as though he 
lived at the center of the rotating floor of a cir- 
cular room with a dome-shaped ceiling. Under 
such conditions, the ceiling would appear to turn, 
though it would actually be the floor which was 
in motion. Similarly, it is the earth which rotates, 
not the dome of the sky which covers it. This 
movement causes day and night, for when a place 
is on the side of the earth facing the sun and 
therefore receiving light, it is daytime; when 
on the side turned away from the sun, it is 
night. 

Revolution of the Earth. That the earth re- 
volves around the sun has been believed for more 
than 2000 years, though positive demonstration 
of that fact has been much more recent. Today, 
however, we know definitely that the earth travels 
around the sun in an elliptical path or orbit. 
Though the ellipticity is relatively slight, it is 
sufiicient to cause the distance between the earth 
and the sun to vary from approximately 91,500,- 
000 miles the last of December to as much as 
94,500,000 miles about the first of July. Thus the 
average distance is roughly 93,000,000 miles. In 
its movement about the sun, the earth travels a 
total of 584,000,000 miles each year, rotating 
daily on its axis, which is inclined to the plane 
of the orbit in which it revolves, or the plane of 
the ecliptic, at an angle of slightly more than 
66/2 degrees. Thus the axis makes an angle of 
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nearly 231^ degrees with a vertical to the plane of 

^^thrirth revolved around the sun on a 

vertical axis, the suns rays 
at the same angle at any given place ^nd won 
always be vertical at the equator. Similarly, day 
and nights would be equal in 
on the earth’s surface, now true only at the 
equator. However, since the earths axis is in 
cLd a.an verticA the " 

the sun’s rays strike vertically varies from day 

to day throughout the year an ®„. A 34 n 

the daylight period alters as well. (See Fig. 434.) 

On Tune 21, for example, the sun’s rays are 
verfrei ^ the Tropic of Cancer, 23)^ degrees 
nSdi of the equator. This is the time o the ^m- 
mer solstice, so called because the ^un then 
apparently stands still in its northward motiom 
Six months later, on December 22, they are verti- 
S at the Tropic of Capricorn, 23^ de^ees south 
of the equator. This is the time of the winter 
solstice, when once again the sun appears 


stand still, but this time in 21 

Midway between these two dates, on March 21 
W September 22, the sun’s rays are vertical at 
the eqLor, half-way between the Tropics of 
Cancer and Capricorn. These are the dates ot the 
two equinoxes, for then day and night are equa 
in length everywhere on the earth, as well J 
at the equator. Thus the suns v^i^UYn ^ 
grate north in our summer and south in ou 
Lter over a belt 47 de^ees of l^ti^de m wid*, 
half north, half south of the ‘on T^^ 
often referred to as “the tropics, is part 
the earth’s surface where the suns rays 

:tic.T .. ead. p™llel 

when they migrate north; again, when they 

^^At'fri toe of the sun’s northward ^ligratito 
the daylight period is longer in Northern 
Hemisphere, increasing in length with distance 
Lm the equator. In very high latitudes indeed, 
in the Land of the Midnight Sun, it is dayhgR 
not only throughout a 24-hour period, but in 
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Fig. 435. Positions of the earth and sun at the times of the equinoxes and solstices. 

At the times of the two equinoxes, March 21 and September 22, the sun's rays are vertical at the equator 
and days and nights are equal in length everywhere on the earth's surface, for the circle of illumination, or the 
circle which marks the boundary between daylight and darkness, passes through tlie poles, dividing all paral- 
lels into two equal parts. 

At the time of the summer solstice, June 21, the sun’s rays are vertical 23/^ degrees north of the equator, 
at the Tropic of Cancer At this time, the daylight period in the Northern Hemisphere is longer than that of 
darkness, increasing from 12 hours in length at the equator to 24 hours at and within the Arctic Circle. There- 
fore it IS summer in the Northern Hemisphere; winter m the Southern. 

At the time of the winter solstice, December 22, the sun's rays are vertical 23/£ degrees south of the 
equator, at the Tropic of Capricorn. Therefore days are short and nights are long north of the equator, rang- 
ing from a maximum of 12 hours at the equator to 0 at the Arctic Circle. Thus it is winter north of the equator, 
summer to its south. 


many places for three months or more at a time. 
When the sun’s rays are vertical near the equator, 
the periods of darkness and daylight are approxi- 
mately equal in length in most latitudes, but 
when they are vertical south of the equator, days 
become long south of the equator and short to 
its north. Within the Arctic Circle, night is then 
continuous, lasting for many days in areas near 
the North Pole. 

The Seasons. The seasons as we know them in 
intermediate latitudes are marked by differences 
in temperature and often by incidental variation 
in amount and form of the precipitation as well. 


In the tropics, by contrast, where change in tem- 
perature from month to month is never great, and 
often so small as to be virtually unnoticeable, 
either at sea level or at elevation, the year is 
divided into seasons on the basis of precipitation 
differences; rainy and dry rather than hot and 
cold seasons being recognized. In this chapter, 
the discussion will be limited largely to explana- 
tion and consideration of those seasons which are 
accompanied by considerable to great tempera- 
ture change. These are summer, fall, winter, and 
spring. 

It is a matter of common observation and ex- 
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perience that the latter part of December, all of 
January and February, and much of March tend 
to be cool to cold in all parts of the United States. 
Similarly, it is generally true that June, July, and 
August are commonly warm to hot. Intermediate 
between these warmer and colder parts of the 
year, the spring and fall months are characterized 
by more moderate temperatures. These variations 
must, of course, result from the fact that the 
various areas of the United States receive more 
heat from the sun at some seasons than at others. 

It is apparent that part of this difference must 
arise from the fact that daylight periods are 
longer in summer than during the winter, for heat 
is received from the sun during the daylight 
period only. Therefore the longer this period, 
the more heat received, other conditions remain- 
ing constant. In winter, by contrast, when days 
are short and nights are long, much less heat is 
received and temperatures are correspondingly 
lower. The farther one travels from the equator, 
the greater the difference in the length of the 
daylight period between summer and winter, 
therefore the greater the temperature difference 
between these two seasons resulting from this 
cause. (See Fig. 434 and Table IX, Appendix.) 
This variation in length of the daylight period re- 
sults from revolution of the earth around the sun 
on an axis which maintains a fixed, inclined 
position with reference to the plane of the 
ecliptic, so that all its positions are parallel to 
one another. This is what is meant by "Parallel- 
ism’’ of the axis. 

Another difference in the behavior of the sun 

QUESTIONS A 

1. What bodies make up the solar system? Name 
the planets What location does the earth occupy 
with reference to the sun and the other planets? 

2. What is meant by the ‘"heliocentric theory”? 
Why was it difficult for Copernicus to advocate 
this theory openly? 

3. Why do the heavens appear to rotate around 
the observer^ What causes the apparent rotation 
of the dome of the sky? 

4. For how long a period of time has it been be- 
lieved that the earth revolves around the sim^ 
What is the shape of the earth’s orbit? How does 
this affect the distance of the earth from the sim 
at different times of the year? What is the length 
of the earth’s orbit in miles? 

5. If the earth revolved around the sun on an axis 
which was vertical to the plane of the ecliptic, 


during summer and winter is likewise ob- 
served by most people who live in intermediate 
latitudes. This is that the sun is more directly 
overhead and its rays are more nearly vertical 
in summer than they are during the colder 
months. As a lesult, they have more heating 
power in July than in January and hence add to 
the effectiveness of the long period of daylight 
in causing higher temperatures. This lesser 
obliquity of the sun’s rays during the summer 
months of the Northern Hemisphere results from 
the shifting of the sun’s vertical rays with the 
changing seasons, which has been considered 
earlier as a necessary accompaniment of the 
revolution of the earth around the sun with its 
axis inclined to the plane in which its orbit lies. 

Thus the higher temperatures of summer re- 
sult from a longer period of daylight combined 
with the fact that the more nearly vertical rays 
of that season possess greater heating power. In 
the tropics, by contrast, where days are essen- 
tially uniform in length throughout the year, and 
the verticality of the sun’s rays varies but slightly, 
the amount of heat received is much the same 
during the different months of the year and sea- 
sons based on temperature differences cannot be 
recognized. This variable effectiveness of the sun 
in warming areas in intermediate latitudes, then, 
results from the rotation of the earth on its axis 
once each 24 hours and its revolution around the 
sun once each year, on an axis which points 
constantly in one direction, but is inclined with 
reference to the plane in which the earth revolves 
around the sun. 

D EXERCISES 

how would this affect the length of the daylight 
period and our present seasons in intermediate 
latitudes? What is the actual inclination of the 
earth’s axis? 

6. Where are the sun’s rays vertical on June 21? On 
December 22? What special names are applied 
to these two dates? What are the equinoxes and 
when do they occur? Why are they so called? 

7. What is the length of the daylight period north 
of the Arctic Circle at the time of the summer 
solstice^ At the time of the winter solstice? What 
is the length of the daylight period at the 
equator on all dates^ How does this affect annual 
temperature range at the equator? The sea- 
sons? 

8. In approximately what latitude will the sun’s 
rays be vertical May 21? On approximately what 
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dates will the sun’s rays be vertical 8 degrees 10. What causes the seasons as we know them in 
south of the equator? intermediate latitudes? Why are they reversed in 

9. On what basis is the year divided into seasons the Northern and Southern hemispheres? Is 

in the tropics? Why? there any advantage to this and, if so, what? 

SELECTED REFERENCES 

Johnson, W. E., Mathematical Geography^ American sion of the seasons than that in your text, but it is 

Book Company, New York, 1907, Chap. VIII. not highly technical and should be interesting. 

This chapter contains a more extended discus- 



chapter Forty -Nine 
MEASUREMENT OF TIME 


The Reckoning of Time. Though the present 
importance of reckoning time and fixing exact 
dates IS a relatively recent development, and 
though the writings of Heiodotus, sometimes 
known as the “father of history,” would delight 
many a modern “student,” for they have no dates 
to be learned, man has been interested m record- 
ing the passage of time since the dawn of history, 
when he carved his calendars of stone. Even be- 
fore 3000 B C. the Babylonians are supposed to 
have reckoned time m years having 12 months 
each; the Egyptian system of some 2500 years 
later was the basis for the so-called “Juhan calen- 
dar,” widely used in the Western world until 
the sixteenth century. In the Americas as well, 
attempts were made to fix the sequence of events 
on a time scale, the Aztecs being credited with 
having a calendar with a year of 365 days in 
length. These early calendars, however, had cer- 
tain defects. Therefore they have been modified 
for present-day use, in order to leconcile the 
calendar year with the “tropical year” as regards 
length. 

The Year. The tropical year, or the year whose 
length is determined by the number of days 
required for the sun’s vertical rays to travel from 
one tropic, the Tropic of Cancer, to the other, 
the Tropic of Capricorn, and back again to the 
Tropic of Cancer, is the year to which we ordinar- 
ily refer, and to which we endeavor to adjust our 
calendar. However, the mean length of this year 
is not 365, but 365.2422 days, or 365 days, 5 
hours, 48 minutes, and 45.51 seconds. Thus it is 
necessary to introduce leap year, so that the year 
of our calendar will not differ too greatly from the 
tropical year over a relatively short period of time. 

The Calendar In ancient times, the moon 
rather than the sun was the common measurer of 
time, and even now the dates of some religious 


observances such as Easter are fixed with refer- 
ence to the moon. However, when the attempt is 
made to divide the year into months on the basis 
of the solar day of 24 hours, the lunar month of 
about 29/2 days, and the tropical year of 365.422 
days, the subdivisions do not add up exactly to 
the total, the year. This introduces confusion, 
which has led to the development of different 
calendars, several of which are still m use in vari- 
ous parts of the world, though the one most 
widely employed is the Gregorian, devised in 
1582 and soon thereafter coming into wide- 
spiead use. When this was adopted in Great 
Britain, displacing the Julian calendar used previ- 
ously, it made a change of date necessary Thus, 
awakening on what would have been September 
3, 1752 by the Julian calendar, Englishmen 
found it was September 14 and rioted through the 
London streets, shouting “give us back our 11 
days.” 

In the Gregorian system, by providing for a 
leap year in all years divisible by 4, except those 
centurial years not divisible by 400, the error 
of the calendar is so small that, over a period of 
4000 years, the calendar and the tropical year 
differ less than a single day. In the year as fixed 
by this calendar, the months are of unequal 
length so that it is common to learn the number 
of days in each as follows. 

Thirty days hath September, April, June, and 
November. 

All the rest have thirty-one, save the second 
one alone, 

Which has four and twenty-four, till leap year 
gives it one day more. 

This unequal number of days in the months has 
certain disadvantages such as those arising when 
hiring help or renting property by the month. 

63 ? 
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Fig 436. Standard time belts of the United States, in each of which the time kept is the local time of 
the mid-meridian The clocks on these meridians show that it becomes progressively earlier m the day toward 
the west, at the rate of 1 hour for each belt of 15 degrees of longitude in width Therefore Pacific time is 3 
hours earlier than Eastern time When daylight saving time is in local use, the Central Belt keeps Eastern 
time, the Eastern Belt, Atlantic time, and others make similar changes. 


This has of late years led to some agitation for 
changing the month-division of the year. Indicat- 
ing the interest in calendar change is the fact 
that a committee set up by the League of Nations 
has worked on 185 new versions. The best known 
of these proposed changes is the 13-month calen- 
dar, in which the first of each month would fall 
on Sunday, but no country has adopted it as yet. 

Longitude and Time, Within the year and 
during the day, the sun is our timekeeper, for 
the mean solar day, or the average interval from 
sun noon to sun noon, the time of day when the 
sun’s rays are most nearly vertical, is the day 
as commonly reckoned, a period of 24 hours in 
length. Each day of this length, the earth com- 
pletes one rotation, thereby producing an appar- 
ent journey of the sun around the earth. As it 
turns, the sun s rays, which remain constant in 
location, strike different portions of the surface of 
the rotating earth, during the entire 24-hour pe- 
riod covering 360 degrees, or the complete cir- 
cumference, at the rate of 15 degrees each hour. 


Since the earth rotates from west to east, the 
sun’s rays reach points to the east earlier, and 
those to the west later, when the earth has turned 
sufficiently to bring them into the path of the 
sun’s rays. Thus the sun rises earlier to the east 
of us and later to our west, which means that 
it is later in the day to the east and earlier to the 
west. Therefore, when it is noon at Chicago, it is 
afternoon at New York, and forenoon at San 
Francisco. 

The change in time between places east and 
west of one another is gradual, amounting to 1 
hour for each 15 degrees of longitude, since this 
IS the length of time required for the sun’s rays 
to cover that east-west distance. Therefore if a 
a man sets his watch to the correct local time and 
then travels west, where it is earlier in the day, 
his watch will be fast; if he travels east, it will 
be slow. Further, to enable keeping correct time, 
as measured by the sun, it would-be necessary 
that he reset his watch steadily as he traveled 
either east or west. To eliminate this difficulty, it 
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is conventional practice today to keep what is 
known as “standard time.” 

Prior to adoption of this practice, people kept 
the local time of the nearest city which, until 
the advent of railroads and more extensive travel, 
caused little inconvenience. With increasing rail 
construction and use, great confusion resulted, 
for not only did the railroad time differ from that 
of each locality, but even that used by the rail- 
roads often varied, each rail line often having 
an arbitrarily chosen time of its own. Thus there 
might be several correct times in any given city, 
one the local time, and one for each of the rail 
lines which served the community. In those days, 
when one contemplated a trip by rail, he found 
it necessary to make a computation to determine 
when his train would leave, for the local time 
and that of the railroad were not the same. In 
fact, the times were often “very much out of 
joint” in those days. In 1883, however, the rail- 
road associations agreed on a uniform system, 
which is now the legal time and in use by prac- 
tically all persons in the United States, except 
as complicated by daylight-saving time, which is 
nothing more than keeping the standard tune of 
the belt immediately to the east. 

This system involves division of the United 
States into time belts, as shown in Fig. 436, each 
keeping the time of the mid-meridian of its belt. 
Thus the Eastern belt uses the mean time of the 
75th meridian; the others, the times of the 
meridians shown in Fig. 436. With this proce- 
dure, it is now necessary to change time only in 
travel from one belt to the next, and the change 
is always exactly 1 hour. The irregularities of 
the boundaries of the belts result from an en- 
deavor to accommodate the system to the con- 
venience of large cities. 


The Date Line. When one travels west, the 
day is lengthened because the run rises and day- 
light comes later, when to the east, the reverse 
occurs, for the sun rises earlier. This change 
amounts to 1 hour for each 15 degrees of longi- 
tude covered. Therefore, in traveling entirely 
around the earth, or 24 times 15 degrees, in a 
westerly direction, an entire day is lost, in an 
easterly direction, a day is gained. Thus the 
sailors of Magellan, on returning to Spain in 1522 
after having circumnavigated the globe, arrived, 
according to their reckoning on September 6, 
though it was actually September 7,, for they had 
lost a day. 

To avoid this difficulty, it is necessary to estab- 
lish a line where the date will change. This line 
is known as the “international date line.” In loca- 
tion, it roughly follows the 180th meridian, as 
shown in Fig. 437, for this causes a minimum 
of inconvenience, since it passes through areas 
where few people live. If the 90th meridian West 
rather than the 180th were used, when it was 
Sunday in Chicago and points to its east, it 
would be Monday in Minneapolis and points to 
its west. If this were so, a traveler leaving Min- 
neapolis late Sunday night would arrive in Chi- 
cago early Sunday morning, which would be 
confusing at best. Further, there would be two 
celebrations of the Fourth of July and two elec- 
tion days, one east, the other west of the date 
line, for cities only a few miles apart. In crossing 
the line in mid-Pacific, the procedure is simple. 
Crossing to the west of the line, the calendar is 
set one day ahead; crossing to its east, back one 
day. Thus Tuesday becomes Wednesday, or Mon- 
day, and one either loses Tuesday or has two, 
dependent on his direction of travel. In practice, 
this is less confusing than it may appear. 


QUESTIONS AND EXERCISES 


1. Why was accurate reckoning of time less im- 
portant in the past than it is at the present day? 
How early did man begin to use a calendar? How 
did the early calendars compare with those of 
present? 

2. What IS meant by a tropical year^ A calendar 
year? What relation does one bear to the other? 

3. What difficulties are encountered m adjusting the 
calendar to the tropical year^ How has this prob- 
lem been solved^ 

4. What is meant by leap year^ When do leap years 
occur? Why is the present unequal number of 


days in the months a disadvantage? What pro- 
posal has been advanced to remedy this? 

5. How many degrees of longitude are covered by 
the sun s rays each 24 hours? How many degrees 
each hour? In what direction does the earth rotate 
on its axis? How does this affect the time at New 
York City by comparison with tliat at Los An- 
geles? 

6. What is meant by standard time? What is the 
width of the standard-time belts over the oceans? 
Why do they vary in width over the land^ Do all 
areas keep standard time? In travel from New 
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York to San Francisco, what change and how 
much would it be necessary to make in resetting 
a watch so that it would register correctly 
7 Why did the sailors of Magellan lose a day in 
their reckoning of time when they circumnavi- 
gated the globe^ How is this prevented today? 

SELECTED 

Harrison, Lucia C, Daylight^ Twilight, Daikness, 
and Time, Sibber Burdett Company, New York, 
1935. 

This reference deals with the distribution of 
daylight, twilight, darkness, and time on the 
earth and their relationship to human affairs. 


8 Why is the date line located in the mid-Pacific 
rather than where it would cross laige bodies of 
land^ What would be some disad\^antages of hav- 
ing it cross important, densely populated land 
masses? 


REFERENCES 

Johnson, W. E , Mathematical Geography, American 
Book Company, New York, 1907, Chaps IV, V, 
VIL 

These chapters discuss time, the calendar, and 
the date line The student will find the last of the 
three of particular interest. 



Chapter Fifty 
CLIMATIC TYPES 


Climatic Classification. In classifying climates, 
it is desirable to recognize the minimum number 
of types which will include effectively the varied 
combinations of weather conditions, for if the 
number is too large the objective of classification 
is not realized. Further, in definition of types, 
the critical climatic elements which serve as the 
basis for their identity are best described quanti- 
tatively rather than by expressions which have 
relative values only. Thus a statement of tempera- 
tures in degrees is preferable to one in terms 
such as ‘‘hot,” “warm,” or “cold”, and one of 
rainfall in inches, rather than as “heavy,” “mod- 
erate,” or “light,” 

The Koppen system of classification possesses 
this advantage, therefore it will be followed m 
this chapter. In its extended form, however, nearly 
40 subtypes are recognized, which is somewhat 
confusing to one who desires only a general pic- 
ture of the world's climates. To eliminate this 
difficulty, the number of types discussed in the 
following pages has been reduced to 15, even 
though this has necessitated inclusion of some 
diveisity of conditions within the limits of certain 
types recognized. Further, minor irregularities 
of boundaries between types have been elimi- 
nated, with simplicity rather than strict accu- 
racy as the objective. For more detailed and spe- 
cific maps, the student is referred to the selected 
references at the end of the chapter. 

Major Subdivisions of the Climatic Classifica- 
tion. In this classification of climatic types, three 
major subdivisions are recognized. These are the 
dry, humid, and polar climates. The first two 
are distinguished on the basis of rainfall, the last 
on that of temperature. In the “B” or dry types, 
the precipitation is always scanty and sometimes 
very light, the exact amount varying with tem- 
perature, which affects the rate of evaporation 


and hence the amount of water required to sup- 
port plant life. In general, vegetation is sparse 
and drought resistant in character in areas with 
such climates. In the humid climates, the “A,” 
“C,” and “D” types, the rainfall is sufficient to 
heavy and vegetation is more luxuriant. In the 
polar or “E” types, low temperatures lestnct both 
plant and animal life. Each of these majoi types is 
subdivided, the “A” into two, the “B” into two, 
the “C” into four, the “D” into four, and the 
“E” into two divisions. In addition, an “H” or 
highland type, reflecting the effects of elevation, 
is recognized. This makes a total of 15 subtypes, 
each of which is described in the following pages. 

Tropical or “A” Climates. These are distin- 
guished from other humid climates on the basis 
of tempeiatures, being characterized by an aver- 
age of 64.4 °F. or over during the coldest month 
of the year. If the rainfall of an area with such 
temperatures is ample in amount and well dis- 
tributed throughout the year, its climate is of the 
“Af” oi Tropical Rain-Forest type. The second 
term of the letter designation, or “f,” is derived 
from the German word “feucht,” meaning “wet”, 
the name, “Tropical Ram-Forest Climate,” from 
the luxuriant forest growth. If, by contrast, the 
winter months are dry, the climate is of the “Aw” 
or “Tropical Savanna” type, the “w” referring 
to the dry winters, the term “savanna” to the 
characteristic grassland vegetation. 

Tropical Rain-Forest or ‘‘Af’ Climate. This 
type of climate, with its continuously high tem- 
peratures, 64.4 °F. or over, and its abundant, 
well-distributed rainfall, is confined to a belt 
about 10 degrees of latitude in width, located 
on either side of the equator, with tongues ex- 
tending north and south into trade-wind regions 
on east-facing coasts backed by highland bar- 
riers. Temperatures, not only the actual but the 
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Fig. 438. Climatic types of the Americas and adjacent lands. (Modified from Koppen and Geiger.) 
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Fig. 439. Climatic types of the lands of the Eastern Hemisphere (Modified from Koppen-and Geiger.) 
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Fig 440. Graph to show typical temperatures 
and precipitation for a place with the Af type of 
climate, Belem, Brazil. 

sensible as well, are high, for humidity is hke 
that in a greenhouse. Seasonal temperature range 
is slight, seldom more than 5 or 6 and sometimes 
less than 1 degree. Daily range is hkewise small, 
but generally several times the annual. Precipi- 
tation is heavy, commonly 60 inches or more, 
well-distributed throughout the year, and all in 
the form of rain, which falls in heavy showers. 
Winds are light and variable in the doldrum 
belt, on trade-wind coasts, they are stronger and 
afford some relief from the oppressive heat. The 
graph for Singapore, Malaya, Fig. 438, and that 
for Belem, Brazil, Fig. 440, show temperatures 
and precipitation for typical stations with this 
type of climate. 

These conditions are favorable for growth of a 
luxuriant evergreen hardwood forest, its lower 
levels a tangle of lianas or vines, with many 
epiphytes such as tropical orchids attached to 
the branches of the trees wherever hght comes 
through the dense canopy of leaves overhead. 
The forest floor is dark, without small, green plant 
growth. The animal life is characterized by many 
species of reptiles such as snakes; brightly colored 
birds like the parrot; monkeys and other tree- 
climbing forms, including carnivora such as the 
leopard, plus millions of insects. Where the forest 
cover breaks down along stream courses, the 


hippopotamus, crocodile, and other maish and 
water denizens find conditions favorable. 

Population IS sparse and backward and limited 
to primitive hunting and agricultural tribes, ex- 
cept where civilized man intrudes his planta- 
tions, generally in trade-wind areas. Living con- 
ditions are so poor that regions with this type of 
climate are generally considered to be unfavor- 
able for great future development 

Savanna or ‘"Aid' Climate. On the poleward 
borders of the continuously well-watered equa- 
torial regions of the tropics, and inland from their 
extensions into higher latitudes of the trade-wind 
regions, the dense forest growth is replaced by 
tall grass and scattered trees in the Savanna or 
'‘Aw” climate. Actual temperatures are still high, 
for this is an "A” type of climate, but sensible 
temperatures during the relatively long dry sea- 
son are lower than in the "Af” type. Seasonal 
range is likewise greater, 8 to 15 degrees, because 
of the higher latitudes; and daily range, espe- 
cially m the dry season, is considerable, some- 
times as much as 30 degrees or more. Precipita- 
tion is not so heavy as in the tropical rain-forest, 
ordinarily 50 to 60 inches, but sometimes much 
less on the drier or poleward margins, fluctuating 
considerably in amount from year to year, but 
always with a definite seasonal maximum. All 



Fig 441. Graph to show typical temperatures 
and precipitation for a place with the Aw type of 
climate, Bombay, India. 
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falls in the form of rain and in showers of con- 
siderable intensity. The graph for Cuiaba, Brazil, 
Fig. 438, and that for Bombay, India, Fig. 441, 
show temperatures and precipitations for stations 
with this type of climate. 

These chmatic conditions are favorable for the 
rank growth of tall grasses which spring up 
rapidly after the rains, only to become harsh, dry, 
and unpalatable for animals during the dry sea- 
son. Such trees as occur are scattered, shed their 
leaves during the dry period, and are often pro- 
tected by thorns. These are the conditions or the 
Llanos and Campos regions of South America and 
of the Sudan and veldt of Africa. This grassland 
vegetation furnishes food for millions of herbivor- 
ous animals, which in turn afford a food supply 
for numerous species of carnivora. This is the 
big- game country of the tropics. 

These same elements of climate and vegetation 
which favor animal life make this the most desir- 
able of the lowland regions m the tropics for man. 
In places, grazing affords the basis for support, 
again agriculture, particularly with irrigation to 
supplement the scanty rainfall of the winter 
months, enables effective production of culti- 
vated crops. Thus these regions support dense 
native populations, which closes them effectively 
to white colonization, for whites cannot compete 
successfully with the present occupants because 
of their higher standards of living. 

Mesothermal or '‘C Climates. These are differ- 
entiated from other humid climates on the basis 
of temperatures, which are intermediate between 
those of the tropics and those of higher latitudes 
where winters are severe. Therefore, though the 
four seasons common in intermediate latitudes 
are distinguishable, they are not pronounced, for 
a minimum of 8 of the 12 months of the year 
have temperatures over 38 8° F., with at least 
one in which the thermometer reading drops be- 
low 64.4° F. In all, there are four subtypes: the 
‘"Cfa,” "‘Cfb,” ‘"Gw,” and ''Cs.” In the first two, 
"Cfa” and “Cfb,” precipitation is well distributed 
throughout the year, indicated by the ‘T in the 
letter designation; in the last two, the ‘‘w" indi- 
cates dry winters, the '"s,’" dry summers. Inas- 
much as the '‘C” climates extend through lati- 
tudes which reach from the margins of the tropics 
almost to the polar circles in some west-facing 
coastal areas, temperatures vary somewhat from 
subtype to subtype. This is indicated by the third 
letters, 'a” and ''b,” in the first two of the sub- 



Fig 442 Graph to show typical temperatures 
and precipitation for a place with the Cfa climate, 
Tokyo, Japan. 


types. The ‘‘a” indicates a temperature of over 
71 6° F. in the warmest month; the “b” one of 
less than 71.6° F. during all months of the year 
but at least 4 months with temperatures over 
50° F. 

Humid Subtropical or ^"Cfa(CtoJ* Climates. 
These types of climate occur on east-facing coasts 
on the poleward margins of the tropics, between 
25 and 35 degrees of latitude. Because of this 
location, seasonal changes of temperature over 
the larger land masses such as Asia are sufficient 
to produce a monsoonal effect, which is generally 
reflected in distribution of precipitation to an 
extent that winters are relatively dry and the 
climate is designated as ‘‘Cw” in type. Elsewhere, 
this effect may be less pronounced, rainfall more 
uniformly distributed throughout the year, and 
the subtype becomes ‘‘Cfa.^’ In either case, pre- 
cipitation is ample, mostly rain, and temperatures 
are over 71.6° F. during the warmest month, 
with winters mild, as shown in the graphs for 
Hankow '‘(Cw),” and Washington, D. C. 
''(Cfa),” Fig. 438; Tokyo "(Cfa)” and Hanoi 
"(Cwi” Figs. 442 and 443. 

This is a pleasant type of climate in several 
respects, for winters are sufficiently mild to pre- 
sent the opportunity for resort developments such 
as those of Florida and the Gulf Coast. Summers, 
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Fig. 443. Graph to show typical temperatures 
and precipitation for a place with the Cw type of 
climate, Hanoi, French Indo-Chma. 


however, are not so agreeable, for the actual tem- 
peratures are rather high, and in association with 
a small daily range often not exceeding 10 to 15 
degrees and high humidity, the heat is rather 
enervating. Thus Washington, a pleasant place 
to live during much of the year, is largely de- 
serted by those able to leave during the summer 
months, when sensible temperatures are much 
higher than those recorded by the thermometer. 

Forest growth, both hardwood and coniferous, 
with some scattered, culturally induced grassy 
openings, are characteristic of regions with this 
type of climate. Thus lumbering becomes an im- 
portant industry in many such areas. Further, 
where topography and soils are suitable, the cli- 
mate of both the “Cfa” and “Cw” types permits 
production of a great variety of crops, which 
tends to increase the profits from agriculture. 
Therefore areas with either of these two types of 
climate generally support large farm populations, 
some, like those of south China, among the 
densest in the world. 

Mediterranean or “Cs” Climate. This dry-sum- 
mer, subtropical climate derives its name from 
the fact that it is the characteristic type in lands 
which border the Mediterranean. In general, it 
occurs on west-facing coasts on the poleward 
margins of the tropics, roughly between 30 and 


40 degrees of latitude. Because of the relatively 
low latitudes in which areas with this type of 
climate are located, winters, which have average 
temperatures of 45° to 55° F., are not cold. 
Neither are the summers, with tempeiatures of 
70° to 80° F., excessively hot, though away from 
the marine influence along the coast extremes of 
heat and annual ranges of temperature are 
greater. Daily range of temperature in summer 
IS normally considerable because of the dry air. 
Therefore nights are generally cool and com- 
fortable, even though the heat in the sun at 
midday may be great. Precipitation is never 
heavy and generally light, seldom more than 30 
and often 15 inches or less. It is poorly distributed 
because of the winter maximum, and, at or near 
sea level, practically all in the form of rain. The 
graph for Los Angeles, Fig. 438, and that for 
Athens, Fig. 444, show typical climatic conditions 
in the Mediterranean or “Cs” type of climate. 

Because of limitations imposed by precipita- 
tion, forests are confined to elevations, but rain- 
fall at and near sea level is ample for support of 
grassy vegetation and scattered trees and brushy 
growths in favored locations. Therefore a basis 
lor grazing exists and it becomes an important 
industry in many Mediterranean areas. Agricul- 
ture, however, is handicapped by both the small 



Fig. 444. Graph to show typical temperatures 
and precipitation for a place with the Cs type of 
climate, Athens, Greece. 
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amount and poor distribution of precipitation. 
Therefore it is normally limited to the growing 
of drought-resistant cereals, except where irriga- 
tion is possible. There, it tends to be of the gar- 
den type, with production of vegetables and fruit 
crops such as oranges and lemons. This is con- 
sidered a very pleasant type of climate by many 
persons, for winters are mild, summers are not 
trying, and the sun shines most of the daylight 
period during the warm months. These conditions 
permit outdoor life most of the year. Therefore 
areas with this type of climate tend to develop an 
important tourist industry and to attract many 
permanent residents in the later years of their 
lives. Thus Los Angeles, for example, has come 
to have the reputation of being the ‘largest Iowa 
city in the United States.” 

Marine West Coast or "‘Cj})* Climate. This type 
of climate, characterized by a marine influence 
throughout the year, occurs in areas on west- 
facing coasts, located poleward with reference to 
regions which have the Mediterranean or ‘‘Cs” 
type of climate. During the winter, the winds 
from off the water keep temperatures relatively 
high, so that they are generally above freezing 
and commonly above 40° F.; during the summer 
months, the winds from over the water keep the 
land temperatures moderate and seldom in excess 
of 70° F. for any month. When temperatures 
around midday rise to 85° F. for several days in 
succession, indeed, the inhabitants complain of 
the heat, though nights, even then, are generally 
cool. This type of cHmate reaches into very high 
latitudes on west-facing coasts, for marine in- 
fluence extends its modifying effect far to the 
north and south of the equator. Precipitation is 
well distributed throughout the year, but ordi- 
narily not heavy at sea level, though increasing 
up to 80 inches or even more at elevations. Except 
at some distance above sea level, most of the 
precipitation is in the form of rain, and during 
the winter months there is much fog and mist. 
The general distribution of temperatures and pre- 
cipitation for Seattle, where this type of climate 
is typically developed, is shown in the graph 
accompanying Fig. 438; and for Paris, France, 
in Fig. 445. 

The native vegetation of areas with this type 
of climate is typically a dense coniferous forest, 
characterized by large trees and much under- 
growth. Occasionally, as in northwestern Europe, 
hardwoods may also appear. This is one of the 
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Fig. 445. Graph to show typical temperatures 
and precipitation for a place with the Cfb type of 
climate. Pans, France. 

most valuable of the world's commercial forests 
and the basis for an important lumbering indus- 
try. When the timber has been cut, however, the 
land does not necessarily pass into agricultural 
use in the United States, for clearing is expensive 
and but few profitable crops can be grown be- 
cause of the large number of days with cool, 
cloudy, and foggy weather. In northwestern 
Europe, where settlement is denser and pressure 
on the land is greater, much of the land has 
passed into use and an important dairy industry 
has developed. This is a very stimulating climate, 
the most effective of all in promoting human en- 
deavor, according to Ellsworth Huntington. 
Whether this is a fact may be debatable, but it is 
certainly true that Europeans who live in areas 
with this type of climate show much enterprise 
and that they have made great progress, irre- 
spective of whether climate was responsible for 
the development which has occurred. 

Microthermal or "D” Climates. These climates 
are characterized by cold winters, often of great 
length and severity. In all, however, though a 
minimum of 3 months of each year have tem- 
peratures of less than 33.8° F,, in at least one the 
temperature rises to between 50° and 64.4° F., 
so that growth of vegetation is possible. Four sub- 
types are recognized: the "Dfa(b),” “Dwa(b),” 
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Fig 446 Graph to show typical temperatures 
and precipitation for a place with the Dfa(b) type 
of climate, Moskva, USSR 


''Dfc,” and ''Dwc.” These diiffer from one another 
in temperatures and precipitation distribution. 
In the subtypes in which the second letter is ‘T,’' 
precipitation is well distributed throughout the 
year, in those with the second letter “w,” winters 
are dry. The third letter, "'a,” '"b,’’ or ‘*c,” refers 
to temperatures. Thus ‘V’ indicates that the 
warmest month has a temperature of over 71.6° 
F., the ''b,” that the temperature of the warmest 
month is under 71.6° F., but that at least 4 
months have temperatures of more than 50° F.; 
the “c,” that less than 4 months have tempera- 
tures over 50° F. With such temperatures, pre- 
cipitation occurs in a great variety of forms, in- 
cluding snow, and is never very heavy, seldom 
exceeding 40 inches and often not in excess of 
15. These facts are shown in the graphs accom- 
panying Fig. 439, and in Figs. 446, 447, 448, 
and 449. 

Humid Continental or ^^Dfa(bf and "^Dwa(hJ" 
Climates. These types occur in continental in- 
teriors and on east-facing coasts, on the poleward 
margins of areas with ‘‘C” climates. They are 
characterized by normally sufficient, though 
sometimes erratic rainfall, associated with cy- 
clonic control, falling in a great variety of forms, 
and with variable intensity. Winters are cold and 
both long and severe on the poleward margins 


of the “Dfa” and ‘"Dwa,” and everywhere in the 
“Dfb” and ''Dwb’’ types, with snow covering the 
ground foi several months each year. These con- 
ditions are shown in the graphs foi St. Paul, 
“Dfa(b)”; and Peiping, ''Dwa(b),” which ac- 
company Fig. 439. They are also shown in the 
graphs for Moskva, ''Dfa(b),'' Fig. 446, and 
Harbin, “Dwa(b),” Fig. 447. 

These climates favor forest growth, coniferous 
in character on the poleward margins and of 
slight importance m the higher latitudes, but of 
great value where the climate is less severe. In 
the ‘'Dwa(b)” types, the forest is generally 
limited in extent for the dry season may be long, 
but in the '‘Dfc,” conifers, and in the “Dfa” 
climate, valuable hardwoods, constitute a re- 
source of great importance. When cleared, more- 
over, the land with a cover of hardwood forest 
generally passes into profitable agricultural use, 
for climate permits growth of many cereals and 
other crops and development of the dairy indus- 
try. In certain interstream areas with the “Dfa” 
climate m the United States, prairie replaces the 
forest, under which grassland cover extremely 
productive soils develop. These find agricultural 
use similar to that of the better soils of hardwood 
forest areas. Regions with the “Dfa(b)” and 
“Dwa(b)” climates are m general areas of more 



Fig. 447 Graph to show typical temperatures 
and precipitation for a place with the Dwa(b) type 
of climate, Harbin, Manchuria. 
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than average opportunity and normally support 
energetic, progressive, and considerable popu- 
lations which have often attained a high degree 
of industrial development in Occidental regions. 

Subpolar or "‘Dfc" and "‘Dwc^ Climates Areas 
with subpolar climates are confined to the in- 
teriors of the great land masses and their borders 
which front on polar seas, in latitudes of from 
50° to 60°. On then* polar margins, they merge 
into areas with Polar or ‘‘E” types of climate, 
on their equatorward sides, into those with 
Humid Continental, “Dfa(b)” and “Dwa(b),'' 
or even 'T” types, where precipitation is less. 
These are climatic types of the lands of the North- 
ern rather than the Southern Hemisphere, be- 
cause large land masses are lacking in the higher 
middle latitudes south of the equator. 

Temperatures are low much of the year, the 
third term of the letter designation, or "‘c,” indi- 
cating that there are less than 4 months of the 
year with temperatures over 50° F. During the 
winter, temperatures for January may average as 
low as —60° F., but during the short summer 
they may average 60° F. or more. At midday, 
maximums of 80° F. are common and of 90° F. 
not unknown, for summer days are long and the 
sun rises considerably above the horizon at noon 
in these higher latitudes. At the 65th parallel, for 



Fig. 448. Graph to show typical temperatures 
and precipitation for a place with the Dfc type of 
climate, Tomsk, Siberia 



Fig. 449 Graph to show typical temperatures 
and precipitation for a place with the Dwc type of 
climate, Okhotsk, Siberia. 


example, the average day during the month of 
June has 22.1 hours of sunlight, with the appar- 
ent period of daylight still further prolonged by 
twilight. No other types of climate show so great 
a contrast between summer and winter tempera- 
tures. The temperatures and precipitations for 
typical stations with these types of climate are 
shown by graphs for Tobolsk, ‘“Dfc,” and Yakutsk, 
“Dwc,” which accompany Fig. 439, and by Figs. 
448 and 449, for Tomsk and Okhotsk, both in 
Siberia, the former having a “Dfc,” the latter a 
“Dwc” type of climate. The extremely low tem- 
peratures of the winter months cause frost to 
penetrate to such great depths that the soils and 
the underlying parent material are perpetually 
frozen at depths, thawing but a few inches near 
the surface during the short summers. 

Precipitation is light, varying from less than 
15 to not to exceed 20 inches, and falling in larger 
part during the summer months, particularly in 
the “Dwc” type, with a less pronounced seasonal 
distribution in the “Dfc” climate. Such precipita- 
tion as occurs during the winter months is in the 
form of snow, but the air is so cold that its abso- 
lute humidity is low and snowfall is light. The 
dryness of the air during the winter is advan- 
tageous in that the cold is less trying than it 
would be were the humidity high. Because of the 
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low temperatures, the small amount of rainfall is 
sufficient to support vegetation and even forest, 
the '‘taiga” of Siberia, in the more favored por- 
tions. However, areas with these types of climate 
are greatly handicapped and support but few in- 
habitants, many just emerging from the Stone 
Age in development, for limited opportunity pre- 
vents a dense population. 

Polar or ‘"ET" and Climates, These are 
climates of polar areas and their margins, where 
daylight may be continuous for weeks in summer 
and nights correspondingly long in winter. How- 
ever, though light for so long in summer, the tem- 
perature of the warmest month never exceeds 50° 
F., indicated by the letter "E” in the names of the 
subtypes, and winters are both long and bitterly 
cold. Such temperatures prohibit forest growth. 
Therefore the poleward boundary of forests sepa- 
rates the Polar or "E” from the Microthermal or 
“D” climates. 

Tundra or ''ET^ Climate. Areas with an "ET” 
climate lie between the regions of perpetual snow 
and ice of the areas which border the poles and 
sub-Arctic areas with tree growth. Equatorward, 
the temperature of the warmest month rises to 
50° F.; on the polar margin, it drops to 32° F. 
This is essentially a land climate of the Northern 
Hemisphere for, in the Antarctic, summer months 



Fig. 450. Graph to show typical temperatures 
and precipitation for a place with the ET type of 
climate, Vardo, ISforway. 


over the land are almost everywhere too cool for 
this type. The most extensive land areas with this 
climate are located in northern North America 
and Eurasia, bordering the polar seas. 

At no time of the year is it warm, for not mere 
than 2 to 4 months have average temperatures 
above freezing and frost may occur any month of 
the year. Daily range of temperature is relatively 
small because of the long periods of daylight and 
darkness which, however, accentuate the annual 
range. Poor natural drainage, plus perpetually 
frozen subsoils, tend to create bog conditions 
which favor the breeding of mosquitoes and thus 
make life insufferable for both man and his ani- 
mals during the warmer months. During the win- 
ters, temperatures of —40° F. and lower cause 
equally great discomfort. Precipitation is seldom 
in excess of 10 to 12 inches and often much less, 
but evaporation is low, hence these amounts 
suffice for vegetation. Some of this falls as rain 
during the warmer months, but that of winter 
is light snow which is blown by the wind so that 
much of the land surface is left bare. For a repre- 
sentation of these climatic conditions, see the 
graph for Point Barrow, Fig. 439; and for Vardo, 
Norway, Fig. 450. The weather is generally dis- 
agreeable, for skies are often cloudy; fogs are 
prevalent; and snow may fall, even in summer. 
In addition, soils are either wet or frozen. These 
are not favorable conditions for man, therefore 
areas with this type of climate support but sparse 
populations. 

Polar or ‘^EF” Climate. This climate is devel- 
oped over the great continental glaciers which 
cover Greenland and the Antarctic continent. 
Though only fragmentary data are available, 
average temperatures for the year are certainly 
lower than those of any other type of climate and 
Antarctica has the coldest known summers, 
though not the lowest winter temperatures. Even 
less is known concerning precipitation than tem- 
peratures, though it is everywhere light and for 
the most part, hard, sandlike, wind-driven snow. 
In fact, it is supposed by some that surface wind 
scour is a very important process in movement 
of snow from the interior to marginal locations, 
where iceberg discharge occurs. See Fig. 438 
for a graph of climatic conditions in the interior 
of Greenland, and Fig. 451 for one of conditions 
in Antarctica. Areas with this type of climate are 
devoid of all plant and animal life and at present 
support no populations. 
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Dry or ‘‘B” Climates, Regions with these cli- 
mates suffer from precipitation deficiency, for 
during normal years the possible evaporation ex- 
ceeds the actual precipitation. Therefore soils are 
commonly dry except for a few inches near the 
surface; runoff occurs only during and for a short 
period after rains; and stream beds are dry most 
of the time, except for those of rivers which do 
not originate in but only cross areas with ''B"* 
climates. This is because ground-water supply or 
stored rainfall is not ample to maintain continu- 
ous flow. The exact amount of rain necessary to 
assure this relationship between precipitation and 
evaporation is variable, particularly with seasonal 
distribution and temperature. Thus the boundary 
between humid and dry climates is fixed by both 
precipitation and temperature factors. 

These dry climates occur in a great variety of 
latitudes, but in general in continental interiors, 
far from the ocean, the eventual source of all 
moisture; where mountain barriers arrest mois- 
ture-laden winds; and on lee coasts, where winds 
are from over the land and dry rather than from 
over the ocean and moisture-laden. 

Precipitation is always light, variable in amount 
from year to year, often irregularly distributed 
within the year, and commonly torrential in char- 
acter. Seldom does it exceed 20 inches in amount, 
and it is often much less. Though no absolutely 
rainless areas are known on the earth’s surface, 
some such as the Atacama Desert of northern 
Chile, which in certain places receives as little 
as 0.02 inches yearly, are practically without rain, 
except for rare, heavy showers, sometimes years 
apart. With such small amounts of rainfall, vege- 
tation is always sparse and drought-resistant in 
type. Within the ‘"B” climates there is suflficient 
variation is precipitation to ensure distinct differ- 
ences m the vegetation cover, and thus either 
steppe or desert. Therefore two subtypes will be 
recognized: the Steppe or "BS,” and the Desert 
or '*BW” type. In these letter designations, the 
stands for Steppe; the ‘W” for Wiiste,” the 
German word meaning ‘‘desert.” 

Temperatures likewise vary, but with latitude. 
Thus in higher latitudes, they are low; else- 
where, high. Sometimes there is great and some- 
times moderate seasonal range, dependent prin- 
cipally on distance from the equator, with that 
from the ocean likewise of importance. Daily 
range is everywhere great, for the dry air, gen- 
erally cloudless sky, and partially bare ground 


facilitate both rapid heating by day and cooling 
by night. Therefore temperatures may rise to 
100° F. or more in the heat of the day and fall to 
freezing or below during the night. Because of 
variation in temperature with latitude, the “BS* 
climate may be subdivided into the “BSh” and 
the “BSK”; and the “BW” into the “BWh” and 
“BWk” types, the “h” meaning “heiss” or hot; 
and the “k,” “kalt” or cold. 

Steppe or "BS” Climates. Within the tropics, 
these are climates of areas marginally located 
with reference to the trade winds and subtropical 
highs; in intermediate latitudes, they occur in con- 
tinental interiors; where mountain barriers shut 
off rain-bearing winds; or on lee coasts toward 
which winds do not blow from over water with 
suflBcient regularity to supply ample rainfall. On 
their drier margins, they grade into deserts; on 
their wetter, into areas with humid climates, 
A, C, or D. 

Precipitation is everywhere limited in amount, 
variable with latitude but seldom as much as 25 
and sometimes less than 10 inches. It is always 
erratic in occurrence, often of many forms, and 
of differing intensity. Temperatures vary simi- 
larly, both in respect to the actual and seasonal 
range, but the daily range is always great and 
sensible temperatures are lower than those rec- 



Fig 451, Graph to show typical temperatures 
and precipitation for a place with the EF type of 
climate, Framheim (Little America), Antarctica. 
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orded by the thermometer. This makes them 
more tolerable for man. Most of these facts are 
shown in the graph for Baghdad, Fig. 438, and 
by that for Urga, Fig. 452. 

The vegetation cover is typically one of short 
grasses, dependent on moisture in the top few 
inches of the soil Nowhere is the cover continu- 
ous; occasionally it is much interrupted. Such 
grasslands often have excellent soils, but the 
limited precipitation makes agriculture hazard- 
ous. Therefore areas with this type of climate 
offer more opportunity for grazing than for crop 
production, except where irrigation is possible. 

Desert or ‘"BW" Climates. In the tropics, these 
are climates of the heart of regions of trade winds 
and subtropical highs, lying for the most part 
between the parallels of 18 and 25 degrees, both 
north and south of the equator. In higher lati- 
tudes, areas with this type of climate are discon- 
tinuous and scattered, their exact location and 
extent being largely dependent on the existence 
of mountain barriers which arrest moisture-bear- 
ing winds. 

Temperatures vary with latitude. In the tropics, 
they may rise to 120° F. or more at midday; 
farther from the equator, almost equally high in 
the heat of the day, for this type of climate has 
the highest temperatures of record. Nights are 



Fig. 452. Graph to show typical temperatures 
and precipitation for a place with the BS type of cli- 
mate, Urga, Mongolia. 


cool, however, for radiation is rapid, therefore 
daily range is great. Because of the dry air, sensi- 
ble temperatures are lower than those recorded 
by the thermometer. Annual range is greater than 
in better watered areas with comparable lati- 
tudes in the tropics, sometimes as much as 20 
to 30 degrees, for this is one climate of the lower 
latitudes where the annual may exceed the daily 
range. In the higher latitudes, this is always 
true, for the annual range may be as much as 
60 degrees or more. These conditions aie shown 
for Aswan, on the graph accompanying Fig. 
438, and by Fig. 453 for Iquique, Chile. 

Precipitation is light, probably seldom exceed- 
ing 15 to 18 inches and generally much less. Over 
much of the Sahara, for example, it averages less 
than 5 inches for the year. In the lower latitudes, 
these are the most nearly rainless areas in the 
world for, in certain deserts, ram may not fall 
for a period of several years. Rams are generally 
local and torrential in type, and often destructive 
in character. In extreme cases, according to Ken- 
drew, 34 inches of water have been known to 
fall within 2 days in northwestern India, where 
the normal annual rainfall is only 5 inches. 

These are conditions favorable for neither plant 
nor animal life and therefore not for man. This 
type of climate, indeed, shares with the “EF” 
type the distinction of being one of the two most 
unfavorable known. Therefore population is 
eveiy where sparse and backward, except where 
irrigation is possible. 

Highland or ‘‘IT' Climates There is no single 
highland climate but a multiplicity of types, vary- 
ing with both latitude and altitude. Even within 
a given highland there are often several climates, 
resulting from differences in altitude and expos- 
ure. Because of this fact, no graph accompanies 
the climatic maps, Figs. 438 and 439, though the 
accompanying graph. Fig. 454, shows the condi- 
tions for one station, Quito, Ecuador. All these 
types, however, possess certain common charac- 
teristics and, in this general and simplified treat- 
ment of climates, consideration will be limited to 
them. 

Because of the thin and generally clear air at 
considerable elevations, a large percentage of the 
insolation reaches the earth's surface, which 
causes surprisingly high day temperatures in the 
sun and correspondingly high soil temperatures. 
These climates have therefore been described as 
ones of “cool shade and hot sun," for air tern- 
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peratures as such are low. Radiation is rapid at 
night, however, hence it is cool to cold after 
sunset and the daily range of temperature is con- 
siderable. Contrasts between the weather of day 
and night are therefore much more marked than 
at lesser elevations. The seasonal range of tem- 
perature varies with latitude, increasing from vir- 
tually 0° at or near the equator to as much 
as 60° or more in intermediate and higher lati- 
tudes. Therefore highlands of the higher latitudes 
are markedly different from these nearer the 
equator with respect to climate. 

Precipitation increases in amount in highlands 
up to elevations of from 4000 to 7000 feet, above 
which it becomes less. In addition, windward 
slopes, toward which winds blow, are normally 
well watered; lee, or the opposite slopes, have 
only light rainfall. Thus there are marked varia- 
tions in precipitation within short horizontal dis- 
tances, resulting from differences in either eleva- 


tion or exposure. Though winds are commonly 
strong on exposed slopes, there are few localities 
so well protected as mountain valleys. Because 
of the great relief, however, local winds such as 
the chinook or foehn frequently develop on the 
slopes. These are often of great local import- 
ance. 

Except in the tropics, highland climates possess 
few advantages to offset the handicaps they im- 
pose, for they limit land use without compensat- 
ing advantage. The thin air of great elevations 
also makes physical exertion difficult to impossi- 
ble. In general, therefore, highlands of consider- 
able to great elevations support but sparse popu- 
lations, especially in the higher latitudes. 

Much more detailed descriptions of the 15 
types of climate recognized and described on the 
preceding pages, as well as additional types and 
subdivisions, can be found in the selected refer- 
ences listed at the end of the chapter. 


QUESTIONS AND EXERCISES 


1. Why is the objective of classification of climates 
defeated by recognition of too large a number 
of types? What are the advantages of the Kop- 
pen system of climatic classification? 


2 Into what three major subdivisions may climates 
be dividedi^ What is the distinction between 
these classes^ What fourth type of climates is 
recognized in the classification m the text? 
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3 How are the ‘A” climates differentiated from 
other humid climates? What are the types of 
climates^ On what basis is this division 
made? 

4. State the climatic characteristics of the ‘Af” 
type of climate in respect to temperatures, pre- 
cipitation, and winds. Where does this type of 
climate occur^ In what respects is it unfavorable 
foi man^ 

5. Where does the ‘Aw’' or Savanna climate occur? 
In what respects does it differ from the ‘Af ’ cli- 
mate m temperatures and precipitation? During 
which season of the year are sensible tempera- 
tures lowest in this type of climate? Why^ What 
is the density of population in areas with this 
type of climate? Why? 

6. State tlie general characteristics and the subdi- 
visions of the “C” climates. 

7 In what respects do the “Cw" and “Cfa” climates 
differ^ In what respects are they alike^ Why is 
there a summer maximum of precipitation in the 
“Cw" climate^ How does this affect the char- 
acter of the native vegetationf^ 

8 What are the dominant occupations of popula- 
tions in areas with “Cw” and “Cfa” climates? 

9. Where does the “Cs” type of climate occur? 
Why are winters mild in this type of climate? 
How does the precipitation of the “Cs" climate 
affect the character of human occupancy^ Why 
does the resort business tend to develop m areas 
with this type of climate? 

10 Where is the “Cfb" climate located with refer- 
ence to the “Cs” type? Why does it extend into 
high latitudes^ Where? Describe the climatic 
conditions, the native vegetation, and their ef- 
fect on agricultural use of the land. 


11. Wliat are the characteristics of the “D" climates? 
Where are they found? What are the subdi- 
visions and the basis for each^ 

12 What are the differences between the “Dfa” and 
“Dfb" types m respect to climate and native 
vegetation? 

13. What IS the location of aieas with subpolar cli- 
mates^ Why are winter tempeiatures severe in 
these climatic types^ Why are summer tem- 
peratures so high?^ From what handicaps do 
areas with such climates suffer^ 

14 What are the two Polar climates? How do they 
differ^ Why are they land climates of the North- 
ern rather than the Southern Plemisphere*'^ State 
the climatic characteristics of the two polar cli- 
mates. 

15 How are the dry or “B” climates differentiated 
from the humid types ^ What fixes the boundary 
between the dry and humid types of climate.^^ 
What are the general characteristics of the “B” 
climates^ What are the subdivisions of the “B" 
climates? 

16 Locate the areas where Steppe or “BS” climates 
occur. Into what types do they grade on their 
drier margins? What occupation dominates m 
Steppe climates? 

17 Where do the Desert or “BW" climates occur? 
What are the two subtypes of Desert climate^ 
Describe the temperature conditions of “BW" 
climates. 

18 Why is there a multiplicity of climates m high- 
lands? What causes physical exertion to be dif- 
ficult at great altitudes? What are the common 
characteristics of all highland climates? In what 
latitudes, if any, do highland climates offer ad- 
vantages for man’s occupation^ 
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Trcwartha, G. T., An Introduction to Weather and 
Climate, McGraw-Hill Book Company, Inc , New 
York, 1943, Chaps. VI, VII, VIII, IX, X, and Ap- 
pendix A, with map. 

Chapters VI to X, inclusive, contain extended 
description and discussion of individual climatic 


types. Appendix A, with the map, a statement of 
the Koppen system of climates in summary form 
These should be adequate to supplement the text 
consideration of climatic types, if additional treat- 
ment of climates is desired. 



chapter Fifty-One 
WEATHER PREDICTION 


Weather Forecasting. It is possible for an ex- 
perienced observer to make helpful deductions 
as to probable weather changes from a careful 
study of local conditions only, but eflFective pre- 
diction of the weather necessitates assembly of 
meteorological reports from a well-organized net- 
work of many well-distributed stations. Although 
long empirical in character and still far from per- 
fection, weather forecasting has profited from 
recent developments to achieve much greater 
accuracy than was possible in the past. Never- 
theless, it still ‘‘continues to be a combination 
of physical reasoning with the practical experi- 
ence of the synoptic charts.” 

Observational Data. The weather forecasts of 
the United States Weather Bureau are based on 
data collected at some 600 stations in this coun- 
try, with about 60 per cent of that number lo- 
cated along the lines of civil airways, supple- 
mented by reports from other countries of the 
Americas, and from ships in adjacent waters. 
Hourly observations are taken at the airway sta- 
tions; at those off the airways, at 6-hour intervals, 
and in a few cases, every 3 hours. Surface 
temperature, pressure, wind, and humidity data 
are collected at all stations; upper-air wind ob- 
servations at 140 by means of pilot balloons; 
and at 30, reports on upper-air temperature, 
pressure, and humidity are secured. These data 
are relayed by various means to the forecast 
stations and to Washington for analysis and 
charting. 

Charts and Graphs. After assembly of the data 
from the stations at the forecast centers, includ- 
ing Washington, they are plotted on maps, the 
principal one, the only one considered in this 
treatment of weather prediction, and the one of 
most interest to the average person being the 
synoptic chart or the weather map. On the map 


prepared at Washington, the data are recorded 
for each station as shown m the station model. 
Fig. 455, and in abbreviated form in Fig. 115, a 
simplified weather map for June 14, 1945. 

Cyclones, Anticyclones, and Air Masses. Cy- 
clones or areas of low pressure, with their spirally 
inwaid flow of air, and anticyclones, or areas of 
high pressure, with the surface air moving spirally 
outward from their centers, are made up of both 
cold and warm air masses. Thus the eastern part 
of an anticyclone and the western part of the 
adjoining cyclone consist of a unit of cold air, 
with temperatures low or falling and pressures 
rising. By contrast, in the western part of a high- 
pressure area and the contiguous eastern portion 
of one of low pressure, temperatures are high or 
rising and pressures are falling. Both highs and 
lows vary in form and likewise in character, 
though within fixed limits. 

Fronts and Air Masses. When air remains over 
an extensive area for some time, it acquires tem- 
peratures and humidities characteristic of that 
region. Thus it becomes warm and humid over 
the Gulf of Mexico, but cold and dry over the 
interior of Canada during the winter months, not 
only at the surface but, after a few days, for some 
distance aloft. On the surface of the earth, these 
air masses meet along a line, and vertically, along 
a plane known as a “front.” According to the 
generally accepted belief at present, a cyclone 
consists of two essentially different air masses, 
one cold, the other warm, separated by a fairly 
distinct boundary line through the cyclonic cen- 
ter. On the eastern margin of the low, where 
cold air is being displaced by warm air, the plane 
of contact is known as the “warm front”; on the 
opposite margin of the low, where cold air re- 
places warm air, as the “cold front.” 

Under this view of the structure of cyclones, 
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FEATHERS SHOWING FORCE OF 
WIND IN BEAUFORT SCALE Cl9 
TO 24- MILES PER HOUR) 


STATION MODEL 

ARROW SHOWING DIRECTION 
OF MIDDLE CLOUD* CFROM 
^THE NORTHWEST) , 


SYMBOL SHOWING TYPE OF 
MIDDLE CLOUD* CALTO- 
3TRATUS ) 


ARROW SHAFT SHOWING DI- 
RECTION OF WIND CBLOWING 
FROM THE NORTHWEST) 


FIGURES SHOWING TEMPERA- 
TURE IN DEGREES FAHRENHEIT 


SYMBOL SHOWING AMOUNT 
OF SKY COVERED BY CLOUDS 
CCOMPLETELY COVERED) 


FIGURES SHOWING VISIBILITY 
IN MILES AND TENTHS CIS 
MILES) 


SYMBOL SHOWING PRESENT 
STATE OF WEATHER*CC0NTIN- 
UOUS LIGHT SNOW IN FLAKES) 


FIGURES SHOWING DEWPOINT ' 
IN DEGREES FAHRENHEIT , 




^ 2/7 


FIGURES SHOWING BAROMET- 
RIC PRESSURE AT SEA LEVEL 
INITIAL 9 OR 10 FOR 'HUN- 
DREDS' OF MILLIBARS, AND 
DECIMAL POINT, OMITTED 
^ C1024 7 MILLIBARS) 


FIGURES SHOWING NET 
AMOUNT OF BAROMETRIC CHANGE 
IN PAST 3 HOURS CIN TENTHS 
OF MILLIBARS) 


SYMBOL SHOWING BAROMET- 
RIC TENDENCY IN PAST 3 HOURS 
CRISING UNSTEADILY) 


PLUS OR MINUS SIGN SHOW- 
ING WHETHER PRESSURE IS 
HIGHER OR LOWER THAN 3 HOURS 
AGO 


CODE FIGURE SHOWING TIME 
PRECIPITATION BEGAN OR 
ENDED* CBEGAN 3 OR 4 
HOURS AGO ) 


SYMBOL SHOWING TYPE OF LOW 1 
CLOUD*CFRACTOCUMULUS) , 


PAST WEATHER DURING 6 
HOURS PRECEDING OBSERVA- 
TION*CRAIN) 


FIGURES SHOWING HEIGHT OF 
CEILING TO HUNDREDS OF FEET* 
C500 FEET) 


CODE FIGURE SHOWING 
AMOUNT OF LOWER CLOUDS NOT 
INCLUDING FRAGMENTS* 

CNINE-TENTHS COVERAGE ) 


FIGURES SHOWING AMOUNT 
OF PRECIPITATION IN LAST 6 
HOURS* CIN HUNDREDTHS OF 
AN INCH ) 


* SPECIAL NOTE ON STATION MODEL ELEMENTS MARKED WITH AN ASTERISK ARE OMITTED WHEN DATA ARE 
NOT OBSERVED *0R NOT RECORDED THE LETTER M* IS USED FOR “MISSING" DATA THE CODE LETTER 

SYMBOLS FOR EACH WEATHER ELEMENT ARE ALSO SHOWN ABOVE 


Fig. 455. Station model. (After the U. S. Weather Bureau.) 


they result from the importation of large masses 
of cold air from the higher latitudes and of warm 
air from the tropics, and they develop along a 
line of discontinuity between the cold polar and 
warm tropical air, wherever a wave or bend 
forms along the line of contact of these air masses. 

Precipitation may occur along either the warm 
front, where the warm air is cooled as it over- 
runs the colder surface air to the east; or along 
the cold front, where warm surface air is forced 
aloft by inflowing colder aii from the west. (See 
Fig. Ill ) Between the two fronts, the air is 


warm; skies are relatively clear except for scat- 
tered cumulus clouds; showers are local and of 
convectional character; and the sun shines most 
of the daylight period. 

Air Mass Analysis. "'Air mass analysis’^ is anal- 
ysis of temperature, moisture, and other mete- 
orological conditions of the air, including frontal 
structures and their bearing on stability, in the 
areas of observation. Such studies are valuable in 
weather prediction, though it is still true that '‘the 
ability to forecast weather comes as much from 
experience as from study.” 
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F reparing the Synoptic Chart or the Weather 
Map. Aftei lecordmg the data for each station on 
the chart as described earlier, the next step is the 
plotting of the isotherms or lines of equal tem- 
peiature, and of the isobars or lines of equal 
pressure. This is followed by locating the cold 
and warm fronts, largely on the basis of surface 
temperature, wind, and dew-point discontinu- 
ities, together with pressure characteristics and 
tendencies When marked discontinuities are evi- 
dent, they locate the fronts without difficulty; 
otherwise, pressure tendencies serve to fix their 
position. The following step is to estimate the 
future movement of the fronts. This is based on 
their type and previous movement, plus general 
rules of an empirical character formulated from 
experience. It is likewise desirable to forecast the 
development and changes in intensity of fronts 
and highs and lows, though this is normally 
difficult. 

These facts concerning the air masses “and 
fronts are recoided on the weather map by the 
use of appropriate symbols. Fig. 115 shows a 
completed map for June 14, 1945, a reproduction 
of the map for that date as issued by the Wash- 
ington station, except that not all the station data 
are shown, as in the station model, Fig. 455. 

Predicting the Weather. After this preliminary 
analysis, the weather forecaster is m a position 
to make a prediction of the probable weather 
for a few hours in advance with a reasonable 
degree of accuracy. 

Forecasts based on 1:30 am. Eastern Stand- 
ard Time observations are distributed daily by 
radio between 5.00 and 7.00 a.m. Observations 
made at this time likewise supplied the data for 
the weather map. Fig. 115, and for the four 
weather maps shown in Fig. 456. A second set 
of observations at 7.30 am, Eastern Standard 
Time, is used in making the weather prediction 
issued about 9.30 a m. At airway stations, predic- 
tions are issued at intervals of 6 hours. For 
stations on air lines, the forecast is for 8 hours 
in advance, for other stations, the prediction is 
normally for a 24- to 36-houi period. 

It is apparent that forecasting wind direction 
and velocity necessitates prediction of movement 


of highs and lows and their attendant discon- 
tinuities. Further, ability to forecast the winds 
determines the possibility of predicting tempera- 
tures, which are dependent on winds. Prediction 
of precipitation is much more difficult than fore- 
casting winds and temperatures. In some cases, 
indeed, it is impossible to be certain whether 
precipitation will occur and, even if it does, it 
may be scattered. In view of the fact that the 
average person is interested in weather predic- 
tion largely with respect to rainfall and protec- 
oon against it, this may be why the forecaster 
is often referred to as “Old Man Probabili- 
ties.” 

Weather Predictions for Longer Periods To 
meet the insistent demand of business, industry, 
and commerce for predictions of more than 24 
hours in length, the United States Weather 
Bureau has, since 1940, issued twice-a-week fore- 
casts, one on Tuesday, the second on Saturday 
of each week The first covers the period from 
Wednesday to Saturday, the second, from Satur- 
day to Wednesday. These forecasts attempt to 
predict whether temperatures and pressures will 
be normal, above, or below the aveiage, and the 
order in which cold, warm, and rainy spells will 
occur. It will be noted that these predictions are 
general in character and, if this is necessary for 
periods as short as less than a week, it follows 
that, for the present at least, seasonal forecasts 
of value are impossible. 

Values of Weather Forecasts. Weather fore- 
casts have already demonstrated their practical 
value. In agriculture, they enable the grower to 
protect against frost damage; they notify the 
shipper of perishable commodities as to the tem- 
peratures to be expected, they warn the mariner 
of storms and their courses, they alone make 
navigation of the air safe; they serve to make 
planning of successful mihtary campaigns a possi- 
bility in time of war. If prediction of the weather 
for long periods of time in advance ever becomes 
possible, and this may occur, the value of weather 
forecasting will be even greater, for then intelli- 
gent long-range planning of agricultural and 
other production will become a possibility rather 
than the dream of visionaries. 
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QUESTIONS AND EXERCISES 


1. What observational data are collected as a basis 
for weather forecasting^ Where are the stations 
at which these data aie collected located^ Whyi^ 
At what intervals are observations made? How 
do observations taken differ at various stations? 

2. What is the principal chart made by the United 
States Weather Bureau on the basis of data col- 
lected at the stations of observation? How is this 
chart made^ 

8. What types of air masses make up a cyclone? 
What is meant by a ‘‘front”? Name tlie two 
fronts of a cyclone and state their location with 
reference to the low-pressure area. How are 
cyclones supposed to develop? 

4. Where may precipitation develop in a cyclone? 
Why^ In what part of the cyclone are skies com- 
monly clear and the weather fair^ 

Sc How are the fronts located^ Why is it desirable 
to be able to predict the development and 
changes of intensity of fronts m weather fore- 
casting^ 


6. Why is it necessary to forecast the winds to pre- 
dict the weather? Why is it more difficult to pre- 
dict precipitation than temperature changes^ 

7. What daily predictions aie issued by the United 
States Weather Bureau^ Foi how long a time m 
advance are these predictions made^ 

8. What predictions, othei than those for a 24- to 
36-hour peiiod in advance, are issued by the 
United States Weather Bmeau? What aspects 
of the weather are covered by these longer range 
predictions^ 

9. What are some of the practical values of present- 
day weather predictions to agriculture, trans- 
portation, commerce, and industiy? How are 
such predictions of value in times of wai? Illus- 
trate by examples from the late war. 

10. Are long -1 ange, seasonal predictions of the 
weather possible at present? Of what benefit 
would such predictions be to man? 
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In view of the present widespread popular in- 
terest which attaches to information about the 


weather to be expected, this pamphlet of 52 pages 
was prepared to meet tlie needs of the average 
person interested in weather forecasting. The stu- 
dent should find it easy to read and it will, as well, 
supplement the somewhat limited text treatment 
effectively. 



chapter Fifty-Two 

AMERICAN SOIL CLASSIFICATION 


Variability of Soils. Soils are of such great 
diversity that more than 1500 kinds have been 
identified and described and an even larger num- 
ber will eventually be recognized. Fortunately, 
these fall into a relatively small number of groups. 
Therefore it is not difficult to obtain a general 
knowledge of them and their relationships, 
though 'it would involve much effort to keep the 
characteristics of each individual soil type clearly 
in mind. 

Soil Classification. Satisfactory classification of 
soils is a relatively recent development, despite 
the fact they have for so long found use in agri- 
culture, probably the most important of man’s 
economic activities. In part, this has been be- 
cause their nature was unknown until recently. 
Because of this, the earlier classifications were 
genetic, or based on origin, either with reference 
to the parent material or the action of soil-form- 
ing agencies. Today, by contrast, our soils are 
commonly classified according to their individual 
characteiistics, not on the basis of factors which 
affect or produce them. This is sometimes known 
as the ''attributive” system. 

In this system, some selection of critical char- 
acteristics is necessary. In practice, therefore, 
those utilized are color, texture, chemical char- 
acter, and degree of maturity. This last charac- 
teristic is measured by the extent of change in the 
cycle of development which is typical of soils, as 
shown in the series of layers which make up the 
"profile.” Thus soils are classed as young, mature, 
and old, dependent on the total change under- 
gone, as registered in the soil profile. 

Classification may also take drainage, struc- 
ture, consistency, and other factors into account, 
but chemical classes, particularly with reference 
to lime accumulation, are most important. Ac- 
cmding to Marbut, mature soils may be divided 


on this basis into "lime-accumulating” and "non- 
hme-accumulating” types. The former are known 
as "pedocals,” the latter as "pedalfers.” This 
classification enjoys the advantage of possessing 
a regional basis as well. 

Pedalfers. These soil types occur in the eastern 
half of the United States and in numerous scat- 
tered tracts farther west. All these areas have 
normally ample rainfall and, except in the regions 
of tail-grass prairie, a natural forest coyer. Of 
the active agencies, the climatic factors, precipi- 
tation and temperature, are most important; 
parent material and topography play less sig- 
nificant parts in producing these soils. Precipita- 
tion may range from 25 or 30 up to 50 inches 
or more, variable with the effectiveness of mois- 
ture conditions as determined by distribution, 
evaporation, and textural chaiacteristics of the 
soil. Temperatures are similarly varied, ranging 
from below 0° F. to 65° F. or more in January, 
and from less than 65° F. to more than 80° F. 
in July. Such climatic conditions favor forest 
growth, either coniferous or hardwood, and grass- 
land is not characteristic, except locally. 

Pedalfers develop under dominantly "degrad- 
ing” soil-forming processes. Therefore they are 
gradually deprived of mineral constituents valu- 
able in agriculture. This results from the rela- 
tively high temperatures much of the time, the 
continuously moist subsoil, and the large amount 
of water in the surface layers, which are therefore 
subject to extensive leaching, chemical change, 
and removal of fine material, at their maximum 
in the top few inches. As a result of these proc- 
esses, both chemical and mechanical transfer of 
materials from the surface layers, pedalfers are 
relatively impoveiished soils, for they have lost 
valuable mineral constituents, especially potas- 
sium, phosphorus, and calcium, and gained but 
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little of advantage, since tree roots contribute 
only a small amount of humus to the soil. Because 
of these facts, such soils are in general of lesser 
agricultural desirability than those ’where the 
processes described are not so active. 

Classes of Fedalfers and Their Characteristics, 
The pedalfers are divided into four major groups: 
podzols, gray-biown and brown forest soils, red 
and yellow and lateritic soils, and prairie soils. 
The first three of these classes are arranged in 
east-west belts, succeeding one another from 
north to south respectively in eastern United 
States, with the prairie soils on the western mar- 
gin of all. Farther to the west, pedalfers occur 
only as scattered outliers. (See Fig. 123.) 

Fodzols. Podzols are typically soils of the 
higher latitudes, hence they are extensively de- 
veloped in New England, across the Interna- 
tional Boundary into Canada, and to the west 
into the Upper Lakes region, with extensions 
south into the Appalachians and scattered, small 
occurrences in the plateaus and mountains of 
the West. All are areas where coniferous forest 
and plants which flourish on acid soils dominate 
the native vegetation. 

In these soils, the ‘‘A” horizon to a depth of 
a few inches is raw humus (AI in Fig. 457), 
for the generally long, cold winters and mod- 
erate summer temperatures retard bacterial ac- 
tion in the surface litter of resinous pine needles. 
The plane of contact of this strongly acid, 
spongy layer of raw humus and the underlying 
mineral matter is sharply defined, largely because 
of the absence of burrowing animals, particu- 
larly earthworms, which elsewhere aid in mixing 
the organic and mineral material in the surface 
layers of the soil. Underneath is the thin, ash- 
gray, highly leached layer (A2 in Fig. 457) of 
the ''A” horizon, giving the soil its name, podzol, 
which means ‘"ashes underneath.” The typically 
brown subsoil of the lower or “B” horizon, though 
relatively high in organic, iron, and alumina 
content, contains but a small percentage of solu- 
ble plant nutrients and it may sometimes develop 
an impervious layer or hardpan by cementation 
of the soil particles. Below the subsoil, the parent 
material of the “C” horizon is frequently glacial 
drift, for many of the areas of the higher latitudes 
where podzols occur lie within the limits of glaci- 
ation. (See Fig. 460.) 

Podzols are not only inferior in their chemical 
characteristics, but their physical condition is 


likewise poor, for the surface layers are structure- 
less and therefore dijSBcult to cultivate eflFectively, 
in addition to requiring heavy fertilization. This 
explains in part the failure of agiiculture to be- 
come established profitably in many of the cut- 
over areas of the higher latitudes in the Umted 
States. 

Gray-Brown and Brown Forest Soils. These 
mildly acid and moderately leached soils nor- 
mally develop under a deciduous forest cover. 
The belt they occupy in the United States lies 
between that of the podzols to the north and that 
of the red and yellow and lateritic soils to the 
south, with discontinuous north-south occurrences 
in the western highlands. These are the only soils 
of extensive development in both eastern and 
western United States. 

In the gray-brown and brown forest soils, a 
thin layer of black leaf mold, generally not more 
than 3 inches thick, underlies the surface cover 
of leaf litter. (See Fig. 457.) This dark-colored, 
considerably decomposed accumulation of or- 
ganic matter rests on a mineral horizon, stained 
brown by iron oxide. In this horizon, organic 
material is relatively abundant in the upper part. 
This imparts a grayish-brown color which gives 
the name to this soil group. The amount of 
organic material decreases with depth, the “B” 
horizon being yellowish brown in color and finer 
in texture than the overlying layers. (See Fig. 
457.) The more southerly the areas of their oc- 
currence, the lighter in tint are all colors, with a 
tendency for red to appear in the soil profile. 
The unaltered parent material of the “C” horizon 
is frequently glacial drift, as with the podzols. 

Because of their moderate acidity, the fair re- 
serve of humus, and the presence of limited quan- 
tities of critical mineral plant nutrients, newly 
cleared gray-brown and brown forest soils are 
generally productive. Unless carefully and well 
fertilize^ however, yields soon decrease under 
continuous cropping. Nevertheless, the soils of 
some of the most important agricultural areas of 
the world, such as those of northeastern United 
States and northwestern Europe, are gray-brown 
and brown forest soils. 

Red and Yellow and Lateritic Soils. These are 
the soils of the humid lower latitudes of the 
United States and other parts of the world, and 
likewise of the borders of the tropics, where 
temperatures are moderate to high throughout 
the year and precipitation is ample in amount. 
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Like the gray-brown and brown forest soils, they 
develop under a forest cover, often coniferous 
but never with an undergrowth of acid-loving 
vegetation, and the profiles of the two types are 
similar. However, the dark-colored surface layer 
of the red and yellow soils is thinner, and the 
lower surface horizon is predominantly yellow or 
red rather than brown in color. (See Fig 457.) 
Because they occur in areas where temperatures 
are mild throughout the year, they tend to be 
badly leached and on the average are poorer soils 
than are the gray-brown and brown forest soils. 
This is particularly true where the soil texture is 
coarse, as it is in much of the Atlantic and Gulf 
Coastal plains of the United States. 

The ‘A” horizon of mature red and yellow soils 
consists of a few inches of reddish, yellowish, 
or grayish soil, darkened slightly by organic 
mold, in newly cleared land covered by a layer 
of undecomposed plant litter. In virgin red and 
yellow soils, this horizon may be grayish in color, 
but this soon disappears under cultivation, since 
cropping speedily exhausts the small reserve of 
organic material and plowing turns up and mixes 
the underlying reddish material with the thin 
grayish surface layer. The ‘3'’ horizon is low in 
soluble material, commonly red or yellow in 
color, and finer in texture. These mildly acid soils 
develop typically where drainage is good. 

The red soils of the margins of the tropics 
differ from the red and yellow soils of bordering 
areas of intermediate latitudes but slightly, for 
they develop under similar conditions. Therefore 
they are alike in characteristics, except in the de- 
gree of their manifestation. In either the tropics 
or higher latitudes, such soils are soon depleted 
of both organic and soluble mineral plant nutri- 
ents under continuous cultivation without fer- 
tilization, but, when used intelligently, as in 
eastern Asia, they may be kept continuously pro- 
ductive. 

Lateritic soils are of but small areal extent in 
the United States, with their principal develop- 
ment in southern Georgia. There, except for the 
presence of a thin vein of indurated inclusions 
of iron oxide, which causes their occurrences to 
be known locally as “red pebble'’ or “pimple 
land," the soil profiles are similar to those of the 
red and yellow soils. Such lateritic soils are often 
moderately pioductive and locally may be re- 
garded as desirable. 

In humid tropical areas, where soil-forming 


piocesses are much more active than in higher 
latitudes, laterites rather than lateritic soils are 
common mature soils, though they are not the 
most widely distributed nor the best for agricul- 
tural use. These deep, permeable, granular soils 
develop where erosion is slow, temperatures are 
high, and leaching is continuous and extensive. 
Therefore they consist of insoluble residues, 
mainly oxides of iron and alumina, and undis- 
solved silica. They are red in color because of 
their high iron content. 

Laterites are often of extraordinary porosity, 
the openings between the soil grains sometimes 
amounting to as much as 70 per cent of the total 
space they occupy. This is because cementation 
of the oxides forms aggregates of such size that 
large openings or pore spaces are left between 
the individual pellets of the soil. Tropical laterites 
die poor soils, for the organic litter on the forest 
floor not only decays rapidly but it is not incor- 
porated with the underlying mineral matter, even 
where an accumulation of model ate depth occuis. 

When cultivated, lateiites shortly become un- 
productive because the small amount of oiganic 
material and the mineral plant nutrients are soon 
used by crops or carried away in solution. Then 
clearings must be abandoned and new ones made 
and planted. This is the system of agriculture 
practiced by the Fang and described in an 
earlier chapter. Moreover, fertilization is un- 
profitable, for soil texture and porosity permit too 
rapid loss of artificially supplied plant nutrients. 

Prairie Soils. Lying to the west of the east- west 
belts of the other pedalfers, and extending south 
from the Canadian boundary to the prairie lands 
of Texas, is a belt of soils which developed under 
a cover of tall grass rather than forest, though 
precipitation is ample to support tree growth. 
In this north-south belt, the soils are dark colored 
in the surface layer, but not brown or yellow nor 
badly leached. In these respects, the prairie soils 
differ from other pedalfers but, since they aie 
iionlime-accumulating, they are classified with 
them. 

These soils are confined to interstream areas of 
regions sufficiently well watered to establish a 
characteristic downward movement of the soil 
water into the underground circulation. In the 
north, such soils are commonly developed on 
older tills or glacial deposits, especially where 
loess or wind-blown silt has accumulated either 
as a vpueer or in considerable thickness. In the 
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south, decomposition of impure limestones has 
likewise piovided conditions which favor growth 
of tall grasses and development of dark soils of the 
prairie type. Where tongues of forest invade the 
grassland, as they do along the stream courses 
and in hilly country bordering them, prairie soils 
are displaced by narrow belts of soils of other 
types. 

The profile of a typical prairie soil shows a 
thick surface layer or “A” horizon of excellent 
structure, sometimes 2 or more feet in thickness, 
in which the organic content added by the grass 
roots is so high that it colors the layer black. 
Below, the '‘B” horizon, though lower in organic 
content, generally contains an abundant supply 
of mineral plant nutrients. 

These prairie soils are in practice deep soils, 
not easily exhausted, even with abuse under 
cultivation. Because of their great productivity 
and the favorable characteristics of the climates 
in which they develop, the prairie soils, the 
^'corn-belt soils” of Illinois, Iowa, and bordering 
states, are among the best in the world. 

Pedocals. By contrast with the pedalfers, the 
pedocals of the United States are confined to the 
West, with their principal occurrences in the 
Great Plains, east of the Rocky Mountains. 
Farther west, local developments of pedalfers 
and extensive rough, stony areas restrict their 
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extent and interfere with their continuity (See 
Fig. 123.) 

Pedocals develop where the maximum precipi- 
tation does not exceed 25 and the minimum may 
be as low as 5 inches, with a moisture supply 
insufiicient to maintain continuous downward 
movement of soil water. Thus they are soils of 
drier areas, with their major subdi \/isions into 
north-south belts in the United States based on 
differences in rainfall. Because of their trends, 
these belts have January temperatures which 
range from 0° F. to 55° F. and, in July, from 
65° F. to 90° F. This introduces minor differ- 
ences in the soils within each belt. 

The pedocals have evolved fiom a wide variety 
of parent material, but both that factor and topog- 
raphy, except as the latter may affect maturity, 
are less important than climate, which makes 
possible the natural vegetation of glasses and 
shrubby growths under which pedocals develop. 
Climate ensures that the soil is continuously moist 
to only a slight depth. Therefore it is possible for 
the shallow-rooted herbaceous vegetation to en- 
rich the surface layers with mineral matter 
brought up from below to an extent which neu- 
tralizes the limited leaching occurring during 
wetter periods. In this movement of soil salts, 
the calcium carbonate accumulates at various 
depths below the surface in the “B” horizon (see 
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Fig. 458), the depth decreasing with increase in 
aridity. This is why they are known as ‘ pedocals” 
or 'lime-accumulating” soils. By contrast with 
the pedalfers, which develop under degrading 
soil conditions, losses in the pedocals are negli- 
gible, for leaching is inconsiderable and there is 
a gain of appreciable amounts of organic sub- 
stances. The pedocals are likewise favored by 
physical properties, for texture is normally good 
and structure is gianular and retained under use. 

Classes of Pedocals and Their Characteristics. 
The pedocals are subdivided into four major 
groups: chernozems, chestnut soils, brown soils, 
and sierozems and desert soils. These are ar- 
ranged in north-south belts m the United States, 
succeeding one another from east to west in the 
order named, as aridity increases, until desert 
soils replace them to the west. 

Chernozems. These soils develop typically in 
middle latitudes under a grassland cover, for 
example, on the eastern maigin of the Great 
Plains in the United States and in southern Russia. 
Somewhat similar soils are likewise known in the 
tropics, though these are more like the "black- 
earths” of Texas than those of Canada and the 


Dakotas, because of the higher temperatures. 
Where typically developed, the native vegetation 
varies fiom limited growths of tall prairie grass 
on the wetter, to short steppe grass and brushy 
growths on the drier margin. Because of the lack 
of continuity of soil and ground water, except 
during unusually wet periods, lime is carried up- 
ward in solution in such soils and subsequently 
deposited where the upward movement is offset 
by leaching. Thus a zone of lime accumulation 
forms, normally from 3 to 5 feet below the sur- 
face, where it is available for vegetation. (See 
Fig. 458 ) 

The "A” horizon of chernozems is dark brown 
to black in color because of the high humus 
content, granular in structure, and porous. This 
facilitates effective tillage. The upper part of 
the “B” horizon is yellow-brown and somewhat 
leached, but m its lower pait is a zone of lime 
accumulation. (See Fig. 458.) The "C” horizon 
or parent material, often high in lime, begins at 
depths of 3 or more feet below the surface. 

Chernozems are first-class soils, especially for 
growing crops like giams, which make heavy 
drains on soil fertility. Further, the reserve of 
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Fig. 460. Glaciation in the United States. 


organic and mineral material is so great that they 
retain their productivity for considerable periods 
without fertilization. The principal agricultural 
limitation in areas with such soils is not lack of 
good soils but the frequent deficiency of precipi- 
tation which makes the soils possible. 

Chestnut Soils. Chestnut soils are the charac- 
teristic soils of areas bordering the drier margins 
of the belts of chernozems. Like the chernozems 
or blackearths, they develop under a grassland 
cover, but though a continuous sod of short 
grasses is generally present, it is somewhat inter- 
rupted where precipitation decreases. Further, 
the more limited vegetation cover and the rela- 
tively dry soil make for a thinner humus-bearing 
layer at the surface and a brown lather than a 
black color in the top part of the ‘A” horizon. 
Thus the “A” layer contains less humus in its 
upper part and the zone of lime accumulation is 
closer to the surface than in the better watered 
areas with chernozem soils. 


The topography of regions where chestnut 
soils occur is generally favorable for cultivation 
and soil structure permits effective tillage, but 
agriculture is rendered hazardous by the small 
amount of rainfall and its irregular distribution 
from year to year. Therefore attempts at pi educ- 
tion have met with frequent disaster in the past 
and, except in an occasional year, or possibly 
in a series of more than normally wet years, it is 
probable that returns from grazing will normally 
be greater than those from dry farming in areas 
with such soils. 

Brown Soils. These are soils of the belt which 
adjoins that of chestnut soils on its drier maigin, 
hence the brown soils are even less suitable for 
agricultural use than are the chestnut soils. In 
general, they develop under poor steppe condi- 
tions, where the sod cover is poor and inter- 
rupted by desert growths of brushy vegetation. 

The profile of such soils is much like that of 
other pedocals, except that the humus layer is 
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thinner and the zone of lime accumulation closer high, for watei must be pui chased in large 
to the suiface than in the other types. (See Fig. amounts. In addition, the supply available is too 
458 ) Areas with such soils aie desirable for limited to permit bringing moie than a small 
glazing but not for agiicultuie, except under percentage of the land under ditch. Despite 
11 ligation. these handicaps, a smprismgly high percentage 

Sierozems and Desert Soils. These soils de- of the pedocalic area is cropped by use of 

velop under a sparse cover of widely spaced drought-resistant varieties of the ceieals with 

desert vegetation, largely brushy m type. Fur- relatively low water requirements and special 
ther, they lack the dark color of the ''A” horizon, methods of cultivation designed to conseive soil 
chaiacteristic of the pedocals described pievi- moisture. 

ously, for the amount of organic mateiial is small. The prairie soils are the most desiiable of the 

(See Fig. 458.) Again, the concentration of pedalfers for agricultural use, with the gray- 

soluble salts occurs very near or even at the sur- brown and brown forest soils, the red and yellow, 
face, where it may form an incrustation in which and the latentic types following, in the order of 
nothing will grow. In addition to the desert soils their importance. The prairie soils occupy first 
with mature profiles, the gray soils, large areas place because of their favorable structure, slight 
of the true arid lands of the earth’s surface are leaching, and then large reserve of available plant 
covered with rock wastes in which change has nutrients. The gray-brown and brown forest soils 
been so slight that the characteristic profiles of rank second m desirability because of their fairly 
mature soils are lacking. favorable structure, moderate leaching, and rela- 

Soils without Profiles In addition to the matuie tively small fertilizer requirement. The other 
soils which have been described, there are others types, the red and yellow and the lateritic soils, 
in which change has been so slight because of are badly leached and much less desirable, and 
climate, movement of soil-forming material, or the podzols, the poorest of the pedalfers, suffer 
some other cause, that characteristic profiles have from a climatic handicap as well, 
not developed. These are the soils of the larger Cultivation of the pedocals is largely limited 
portion of the great deserts, those of swamps and to the chernozem soils and, to a lesser extent, of 
marshes, and those of the tundra regions of high the chestmut soils. Few of the brown soils or the 
latitudes and great elevations. sierozems and desert soils are under production, 

Soil Groups and Agriculture. The pedalfers are except with irrigation. These differences in the 
the principal agricultural soils of the United extent of use of the various pedocals result from 
States though, except for the prairie soils, they climatic rather than soil factors, for the pedocalic 
are inferior to some of the pedocals. This is be- types of the drier areas are but slightly infeiior 
cause precipitation is generally dependable and as soils to those where rainfall is heavier, 
ample in the areas of their occurrence which, in Not only does the percentage of the different 
association with their moderately favorable struc- soil types which pass into profitable agricultural 
ture, makes fertilization economic and remunera- use differ as between the pedalfers and pedocals, 
tive agriculture possible, wherever textural char- and within these two groups as well, but the crops 
acteristics are satisfactory. grown also vary markedly. In part, this is because 

By contrast, the pedocals have very desirable of diffeiences in soil characteristics, in part be- 
soil characteristics, but precipitation is so light, cause of climatic variation. For additional dis- 
except in the areas with chernozem soils, that cussion of these differences, the student is re- 
agriculture is speculative, unless iirigation water f erred to the selected references at the end of 
is available. Even then, costs of production are the chapter 

QUESTIONS AND EXERCISES 

1. Why has the satisfactory classification of soils differentiating between soil types in the attribu- 

been a relatively recent development^ How does tive system of classification^ What is the differ- 

the present classification differ from those for- ence between young, mature, and old soils^^ 

merly in use^ Why is it called an ‘"attributive” 3 Into what two major groups aie soils divided on 
system of classification^ the basis of lime accumulation^ How do they 

2 What are the critical factors which are used in differ m this respect? 



666 APPENDIX 

4. Where do the pedalfers occur m the United United States? Under what climatic and vege- 

States? Under what climatic and vegetation con- tation conditions do they develop*!^ Why does 

ditions do they develop? Under what types of this ensure a zone of carbonate accumulation m 

soil-forming processes^ How do these processes the soil? Why are the pedocals productive soils 

affect soil desirability? Into what classes are the when water is available? Into what classes are 

pedalfers divided? they divided^ 

5. Under what climatic conditions and vegetation II. Where do chernozem soils occur with reference 

cover do podzols develop? Where do they occur to prairie soils m the United States? Under what 

in the United States'^ What are their character- type of vegetation cover and what climatic con- 

istics? Discuss their agricultural desirability. ditions do they develop? Why are they such 

8. State the limits of the belt of gray-brown and highly productive soils? 

brown forest soils in the United States. Describe 12. Why are the chestnut soils of lesser agricultural 
the profile of these soils. Under what conditions desirability than the chernozems? Where are 

do they develop? What is their agricultural de- they developed in the United States^ How does 

sirabiiity? their profile differ from that of the chernozemsr^ 

r. Where do the red and yellow and lateritic soils 13. What soils develop on the drier margin of the 

occur? In what respects do they differ from gray- chestnut soils? Where is the zone of lime ac- 

brown and brown forest soils in profile and pro- cumulation located in such soils? In what respect 

ductivity? Under what climatic and vegetation does climate interfere with the agricultural use 

conditions do they develop? How do the red of such soils? 

soils of the tropics differ from those of interme- 14 How do the sierozems and desert soils differ from 

diate latitudes? the other pedocals? Why does the zone of ac- 

8. Where do lateritic soils develop in the United cumulation of mineral salts occur close to or at 

States? Why are areas with such soils known lo- the surface in such soils? 

cally as “pimple land’? Where laterites develop 15. Name the soils without profiles. Why do profiles 

in the tropics, what are their characteristics and fail to develop in such soils? 

agricultural desirability? Why do these charac- 16. Why are the pedalfers the most important agri- 

teristics necessitate frequent shifting of clearings cultural soils m the United States? How do they 

under native agricultural use? compare with one another m importance^ Why? 

9. In what respects do prairie soils differ from the 17. Why are the pedocals of less agricultural im- 

other pedalfers? Where do they occur in the portance than the pedalfers in the United States? 

United States? Why are they of such great agri- Which one of the pedocals is used most exten- 

cultural desirability? sively for the production of crops^ Why? 

10. Why are the pedocals confined to western 18 How do crops vary with the soil type? Why? 
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Agricultural Yearbook, U. S. Department of Agri- 
culture, Washington, 1938, Part IV. 
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chapter Fifty-Three 

SUPPLEMENTARY CLIMATIC MAPS 



Fig 463 Ax erage summer temperatures for the United States. 
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Fig. 464. Average winter temperatures for the United States. 



Fig. 465. Average winter sunshine for the United States. 
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Fig 466. Average length of the frost-free season for the United States 
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Fig. 467 Average dates of the last killing frost in the spring for the United States. 
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Fig 468. Average dates of the first killing frost in the fall for the United States 



Fig 469. Amount of summer precipitation in the United States. 
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Fig. 470. Amount of winter precipitation in the United States. 



Fig. 471 Percentage of the total precipitation, occurring during December, January and February in the 
United States. 
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Fig. 472, Percentage of the total precipitation occurring during April to September inclusive in the 
United States. 
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Fig. 473. Percentage of the total precipitation occurring during June, July, and August in the United States 
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Fig. 474. Average annual snowfall for the United States. 


QUESTIONS AND EXERCISES 


1. What is the average summer temperature at De- 
troit, Michigan? At Seattle, Washington? Why 
are average summer temperatures lower at 
Seattle tlian at Detroit? 

2. What IS the average winter temperature at Port- 
land, Maine? At Portland, Oregon? Why are 
average winter temperatures higher at Portland, 
Oregon, than at Portland, Maine? 

3. What is the average summer temperature at 
New York City? At Seattle, Washington^ Why 
is the average temperature at Seattle during tlie 
summer lower than at New York City for the 
same period? 

4 What IS the average number of days each year 
without killing frost at Cincinnati, Ohio? At 
Memphis, Tennessee? How does this affect agri- 
culture and the crops grown? 

5 What is the average date of the last killing 
frost in spring at St. Louis, Missouri^ At To- 
ledo, Ohio^ How does this difference in the 
date of the last killing frost in spring affect 
agriculture? 

6. What is the average date of the first killing 
frost in the fall at Boston, Massachusetts? At 
Minneapolis, Minnesota^ Why does the first 
killing frost in fall occur earlier at Minneapolis 
than it does at Boston? 


7. How many inches of precipitation fall at Chi- 
cago on the average during the 3 summer 
months? Is this more or less than the average 
winter precipitation for Chicago? Is this an ad- 
vantage or a disadvantage? Why? 

8 How many inches of precipitation fall at Los 
Angeles, California on the average during the 
3 winter months? Is this more or less than the 
average for the 3 summer months? Is this an ad- 
vantage or a disadvantage^ Why^ 

9. What percentage of the total annual precipita- 
tion of eastern North Dakota falls during the 3 
winter months? During the 3 summer months'^ Is 
this distribution of precipitation advantageous 
or does it constitute a handicap? Why? 

10 What percentage of the total annual precipita- 
tion of the Los Angeles area falls during the 
months April to September inclusive? Wliy is 
this percentage so smalP 

11. What percentage of the annual precipitation of 
the San Francisco area falls during the 3 sum- 
mer months^ Why is this percentage so small? 

12 Compare the average annual snowfall of the 
area near Buffalo, New York, with that of east- 
ern Montana Explain why the amounts are so 
different. 




chapter Fifty-Four 
MISCELLANEOUS TABLES 


TABLE lA— FAHRENHEIT SCALE TO CENTIGRADE 
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43.3 

85 

29.4 

60 
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35 
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10 
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15 
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84 
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59 

15.0 

34 
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9 

12 8 

16 
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83 

28.3 

58 

14 4 

33 
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8 
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17 
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82 

27.8 

57 
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32 

00 

7 

13.9 

18 

27.8 

: 
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81 

27 2 

56 

13.3 

31 

-0 6 

6 

14.4 

19 

28 3 

no : 
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40 6 

80 

26 7 

55 

12 8 

30 

1 1 

5 

15.0 

20 

28 9 


•40 ^0^ 

40 0 

79 

26.1 

54 

12 2 

29 

1.7 

4 

15,6 

21 

29.4 
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39 4 

78 

25 6 

53 

11.7 

28 

22 

3 

16.1 

22 

30 0 
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38.9 

77 

25 0 

52 

11 1 

27 

28 

2 

16.7 

23 
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38.3 

76 

24 4 

51 

10.6 

26 
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+1 
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24 
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50 
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25 
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23 

50 

2 
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27 
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ao 
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46 

78 
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45 

72 
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36 
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37 
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TABLE IB— CENTIGRADE SCALE TO FAHRENHEIT 
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FIG. 475. Thermometer graduated in both Fahrenheit and Centigrade scales. 
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TABLE 11. RELATIVE HUMIDITY, PER CENT—FAHRENHEIT DEGREES 
PRESSURE: 30.0 INCHES^ 


Depression of Wet-bulb Thermometer 


Air Tem- 


perature 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
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TABLE III. CONVERSION OF MILLIBARS TO INCHES ^ 


Mb, 

Inches 

Mb. 

Inches 

Mb 

Inches 

Mb. 

Inches 

Mb. 

Inches 

Mb. 

Inches 

941 

27.79 

961 

28 38 

981 

28.97 

1001 

29 56 

1021 

30.15 

1041 

30.74 

942 

27 82 

962 

28 41 

982 

29 00 

1002 

29 59 

1022 

30.18 

1042 

30 77 

943 

27 85 

963 

28 44 

983 

29 03 

1003 

29 62 

1023 

30.21 

1043 

30.80 

944 

27 88 

964 

28 47 

984 

29.06 

1004 

29 65 

1024 

30.24 

1044 

30 83 

945 

27.91 

965 

28 50 

985 

29.09 

1005 

29 68 

1025 

30 27 

1045 

30.86 

946 

27 94 

966 

28 53 

986 

29.12 

1006 

29 71 

1026 

30.30 

1046 

30.89 

947 

27 96 

967 

28 56 

987 

29 15 

1007 

29 74 

1027 

30 33 

1047 

30 92 

948 

27 99 

968 

28 58 

988 

29 18 

1008 

29 77 

1028 

30 36 

1048 

30 95 

949 

28.02 

969 

28 61 

989 

29.21 

1009 

29 80 

1029 

30 39 

1049 

30 98 

950 

28.05 

970 

28 64 

990 

29.23 

1010 

29 83 

1030 

30.42 

1050 

31 01 

951 

28.08 

971 

28 67 

991 

29.26 

1011 

' 29 85 

1031 

30.45 

1051 

31 04 

952 

28.11 

972 

28 70 

992 

29.29 

1012 

29 88 

1032 

30 47 

1052 

31 07 

953 

28.14 

973 

28 73 

1 993 

29 32 

1013 

29 91 

1033 

30 50 

1 1053 

31.10 

954 

28.17 

974 

28 76 

994 

29 35 

1014 

29 94 

1034 

30 53 

1054 

31.12 

955 

28.20 

975 

28 79 

995 

29.38 

1015 

29 97 

1035 

30.56 

1055 

31.15 

956 

28 23 

976 

28 82 

996 

29.41 

1016 

30 00 

1036 

30 59 

1056 

31.18 

957 

28.26 

977 

28 85 

997 

29 44 

1017 

30 03 

1037 

30 62 

1057 

31 21 

958 

28 29 

978 

28 88 

998 

29 47 

1018 

30.06 

1038 

30 65 

1058 

31 24 

959 

28.32 

979 

28 91 

999 

29 50 

1019 

30 09 

1039 

30 68 

1059 

31.27 

960 

28.35 

980 

28 94 

1000 

29.53 

1020 

30.12 

1040 

30 71 

1060 

31.30 


^ After U. S. Weather Bureau, Form No. 4090, Mis. 


TABLE IV. CLIMATIC DATA FOR SELECTED STATIONS 
(T., temperature in degrees Fahrenheit, Rf , rainfall in inches ) 

NORTH AMERICA 




Jan 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Tear 

Bismarck, 

T 

1 8 

10.3 

24 2 

42.1 

54 5 

63 7 

69 8 

67 3 

58 1 

44 9 

28 5 

14 7 

40 5 

U. S. A. 

Rf. 

0 5 

0.5 

1 1 

1 8 

2.4 

3.4 

22 

2.0 

1.2 

1.0 

0,7 

0.6 

17 4 

Boise, 

T. 

29.8 

34 8 

42.7 

50.4 

57.1 

65 3 

72.9 

71.8 

61.9 

51.1 

41.0 

32.1 

50 9 

U, S. A. 

Rf. 

1.7 

1.4 

1.3 

1.2 

1.4 

1.0 

0.2 

0.2 

0.6 

1.2 

1.3 

1.6 

13.1 

Boston, 

T. 

27.9 

28 8 

35.6 

46.4 

57.1 

66 5 

71.7 

69.9 

63.2 

53.6 

42.0 

32.5 

49 6 

U. S. A, 

Rf. 

3.6 

34 

3,6 

3.3 

3.2 

2.9 

3.5 

3.6 

3.1 

3.1 

3.3 

3.4 

40.0 

Charleston, 

T. 

49.9 

52 4 

57.4 

64.5 

72.7 

78.9 

81 4 

81.0 

76 6 

67.8 

58.1 

51.7 

66.0 

U. S. A. 

Rf. 

3.1 

3.1 

3.3 

2.4 

34 

53 

6.2 

6.7 

5.2 

3.9 

2.7 

3.3 

48.6 

Chicago, 

T. 

25 6 

27.0 

36 6 

47.4 

58 4 

68.1 

74.0 

72 9 

66 3 

54.8 

41.5 

30.3 

50 2 

U.S A. 

Rf. 

2.0 

2.1 

2.6 

2 8 

3 6 

33 

34 

3.0 

3.1 

2.6 

24 

2.1 

33.0 

Calgary, 

T. 

12.7 

13 8 

22 8 

39 7 

48 8 

52 6 

60.7 

59 1 

50.2 

42.1 

25.5 

20.9 

37 4 

Canada 

Rf. 

0.4 

0.6 

0 8 

0.7 

25 

3 1 

26 

2.6 

1.2 

0.5 

0.7 

0.5 

16 2 

Colon, 

T. 

79.5 

79.2 

79 7 

79.9 

79 9 

79 9 

80 1 

79 3 

79 5 

79 0 

79 0 

79 5 

79.5 

Canal Zone 

Rf. 

3.9 

1.7 

1.7 

42 

12 6 

13.5 

16.2 

14.9 

12.5 

14.8 

21.5 

11.9 

129.4 

Dawson, 

T. 

-23.1 

-11.3 

3 8 

29 1 

46 4 

56 7 

59.3 

54.3 

42.4 

25.1 

0.7 

-13.1 

22.5 

Canada 

Rf. 

08 

0.8 

0.5 

0.7 

0.9 

1.3 

1 6 

1.6 

1.7 

1.3 

1.3 

1.1 

13 6 

Detroit, 

T. 

24 4 

25.3 

33 4 

46 2 

58 0 

67.4 

72 1 

70 3 

63.5 

52 5 

39 3 

29.3 

48 5 

U. S. A. 

Rf. 

20 

2.2 

24 

2.5 

32 

3 6 

3 3 

2.8 

2.9 

2.4 

2.4 

2 3 

32 0 

Havana, 

T. 

70 3 

72 0 

73 4 

76 3 

79.2 

81.3 

81.9 

81.5 

80 4 

77.9 

74.7 

71 6 

76 6 

Cuba 

Rf. 

2.7 

2,3 

1.8 

28 

45 

72 

5.0 

60 

67 

7.4 

3 1 

22 

51.7 

Ivigtut, 

T. 

18 5 

18 7 

23.5 

30 9 

401 

46 6 

49 8 

47.3 

41.0 

33 8 

26.4 

20.7 

33 1 

Greenland 

Rf. 

3 3 

27 

3 4 

24 

3.6 

30 

3.3 

3 8 

6.0 

5 9 

4.4 

3.1 

44.9 
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TABLE IV. CLIMATIC DATA FOR SELECTED STATIONS {Continued) 


NORTH AMERICA {Continued) 




Jan. 

Feb 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Tear 

Los AngeleSj 

T. 

54.6 

55 5 

SI 5 

59 4 

62 2 

66.4 

70 2 

71 1 

69 0 

65 3 

60 9 

56 6 

62 4 

U S. A. 

Rf. 

3 1 

3.1 

28 

1 0 

04 

0 1 

0.0 

0.0 

0.2 

0.7 

1.2 

2.6 

152 

Mexico City, 

T. 

54 0 

56 8 

60 4 

64 2 

64 9 

63 9 

62 4 

62 1 

61.2 

58.6 

56.5 

53.4 

59 9 

Mexico 

Rf. 

02 

0 2 

0 6 

0 6 

1 9 

39 

4 1 

47 

41 

1.8 

0.5 

0.2 

23.1 

Monterrey, 

T. 

57 9 

61 7 

67 8 

73 0 

79 0 

81 9 

82 2 

82 6 

78 1 

71.4 

63 5 

57.4 

71.4 

Mexico 

Rf 

0.5 

0 5 

07 

1.1 

1.2 

2.3 

2 1 

2.0 

44 

2.4 

1.3 

1.0 

19.5 

Montreal, 

T 

130 

14 7 

25 4 

41.1 

55 1 

64 7 

69 3 

67 0 

58 7 

46 7 

32.7 

19.1 

42 3 

Canada 

Rf. 

3.7 

32 

3 7 

2 4 

3.1 

34 

37 

3.3 

3 5 

3.3 

34 

3.7 

40.4 

New Orleans, 

T. 

54 5 

57 3 

62 8 

68 8 

75.4 

80 6 

82 4 

82 2 

79 2 

71 0 

61 6 

55.6 

69 2 

U. S A. 

Rf 

4.3 

42 

47 

5.2 

46 

59 

64 

5.8 

5.0 

3.3 

3.1 

48 

57 3 

New York, 

T. 

30 6 

30 5 

38.0 

48.5 

59 4 

68 5 

73.5 

72 1 

66 4 

55.8 

44 1 

34.3 

51.8 

U S.A. 

Rf. 

3.2 

33 

3.4 

3.3 

3.5 

35 

4.1 

4.3 

3.4 

34 

3.4 

3.3 

42.1 

Phoenix, 

T. 

51 2 

55 1 

60 7 

67.0 

75 0 

84 5 

89.8 

88 5 

82 7 

70.6 

59.7 

52 0 

69 7 

U S.A. 

Rf 

0 8 

0 8 

07 

0.4 

0 1 

0 1 

1 1 

1 0 

0.7 

0.5 

0.7 

1.0 

7,8 

Pt Barrow, 

T. 

-19 9 

-13 0 

-13 1 

-1 7 

21.7 

35 3 

40 9 

38 5 

32 1 

16 3 

0 3 • 

-15 4 

10.2 

Alaska 

Rf. 

0 1 

04 

02 

0 3 

0 3 

0.3 

0.9 

0 9 

0 5 

0.7 

03 

0.4 

5.3 

Portland, 

T. 

38 9 

41 5 

46 3 

51 2 

56 6 

61.4 

66 6 

66 4 

60.9 

53 6 

45 9 

41.0 

52 5 

Oregon 

Rf. 

65 

5.5 

4.8 

3.0 

2 3 

1.6 

0.6 

0.6 

1.9 

3.2 

65 

6.9 

43.5 

Salt Lake, 

T. 

29 0 

33 4 

41 3 

49 8 

57 4 

66 9 

75.5 

74 5 

64.4 

52 3 

40.6 

32.1 

51.4 

USA. 

Rf. 

1.3 

1 5 

2 0 

21 

22 

0 8 

0.5 

0.8 

0.9 

1.4 

1.4 

1.4 

16,3 

Sagdlit, 

T. 

22.5 

22.3 

25.7 

31 3 

35.8 

39.0 

39.9 

40.1 

38.8 

34 3 

30.9 

26.2 

32.2 

Greenland 

Rf. 








. . . 




. . . 

.... 

St Louis, 

T. 

31 6 

33.7 

44 2 

55 8 

66.2 

75.0 

79.2 

77.3 

70.1 

58 3 

45 4 

35.6 

56 0 

U. S. A. 

Rf. 

23 

26 

3 5 

3.8 

4.5 

4.6 

3.6 

3.5 

3.2 

28 

2.9 

2.5 

39.8 

St Paul, 

T. 

12 1 

15 2 

29 0 

45 6 

58 6 

67 4 

72 3 

69 4 

60 6 

48 1 

32.1 

19 8 

44 2 

U. S. A. 

Rf. 

0 9 

0.9 

1.5 

2 3 

3.5 

43 

3.5 

33 

3 1 

23 

1.3 

1.0 

27 9 

San Francisco, 

T. 

49.4 

51 4 

52 8 

54 3 

55.5 

57 2 

57.3 

57.8 

59 9 

58 9 

55.5 

50 6 

55 0 

U. S. A. 

Rf. 

48 

3.6 

3.1 

1.6 

0.7 

0 1 

0.0 

00 

0 3 

0.9 

2 4 

4.5 

22 0 

Sitka, 

T 

31 7 

34 1 

36 5 

41 3 

46 6 

51 3 

54 8 

55 5 

51 7 

45 8 

38 2 

35 4 

43.6 

Alaska 

Rf. 

7.6 

6.5 

5.6 

5.5 

4.1 

34 

4.2 

7.1 

10.1 

12 2 

9.5 

9.0 

84 8 

Washington, 

T. 

32 9 

34 5 

42 2 

53.1 

64.2 

72 7 

76 8 

74 5 

68 1 

56 6 

45.0 

36.1 

54.7 

D C 

Rf. 

3.1 

3 1 

3 5 

3.3 

37 

37 

4.3 

4.1 

3.3 

3 1 

2.6 

3.0 

40 8 

Winnipeg, 

T. 

-2 6 

-1 0 

14.7 

38 6 

51 1 

62 1 

65 9 

63.1 

53 9 

41 5 

24 5 

7.4 

34.9 

Canada 

Rf. 

0 9 

0 8 

1 3 

1 6 

2 2 

3 3 

3 2 

22 

1 9 

1 4 

1.0 

0 9 

20 7 


SOUTH AMERICA 


Bogota, 

T. 

56 7 

57 9 

58 6 

58 6 

58 5 

58 1 

57 2 

57 0 

57 0 

57 9 

58.3 

58 1 

58 1 

Colombia 

Rf. 

3.7 

3 5 

45 

9 6 

65 

3.2 

26 

3.3 

2.9 

8.4 

9 6 

5.6 

63 4 

Buenos Aires, 

T. 

73 6 

72 5 

68 7 

61 3 

55 0 

49 6 

48 9 

51 1 

55.0 

59 9 

65 8 

70.9 

61 3 

Argentina 

Rf. 

3.1 

27 

4.4 

35 

29 

25 

22 

2 5 

3.0 

3 5 

3.1 

3.9 

37 0 

Caracas, 

T. 

68.5 

68.9 

69 3 

72 5 

73 9 

73 0 

72 0 

72.7 

72 5 

71.4 

71 2 

68.9 

71 2 

Venezuela 

Rf. 

0 9 

03 

0.6 

1.2 

2.8 

4.0 

48 

3.8 

4.2 

4.4 

3.3 

1.6 

31.9 

Cdrdoba, 

T. 

73 8 

72 5 

68 5 

62 1 

55.8 

49 6 

50 4 

51.6 

58 6 

63.3 

68 4 

72.3 

62 2 

Argentina 

Rf. 

42 

4.2 

35 

1.8 

1.0 

0.3 

0.3 

0.5 

0.9 

2 4 

40 

4.6 

27.7 

Cuiaba, 

T. 

81 0 

80 8 

80.7 

80 2 

77 5 

75.4 

75 9 

78 3 

82 0 

81.7 

82 0 

81.3 

79.8 

Brazil 

Rf 

9 8 

8.3 

8 3 

40 

20 

0.3 

02 

1 1 

22 

A 5 

5.9 

8.1 

54.7 

Iquique, 

Chile 

T. 

69 4 

69 4 

67 6 

64 8 

62 6 

61 2 

60 4 

60 3 

61 2 

63 0 

65.3 

67 5 

64.4 

Rf 

00 

00 

00 

00 

0.0 

0 0 

0.0 

00 

0.1 

0.0 

0.0 

0.0 

0.1 

Lima, 

T. 

72 7 

74 3 

73 6 

70 2 

66 0 

62.6 

61 2 

61 0 

61 3 

63 0 

65.7 

70 0 

66.8 

Peru 

Rf 

00 

00 

0 0 

0.0 

01 

0.2 

0 3 

04 

04 

0 2 

0.1 

00 

1.7 
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TABLE IV. CLIMATIC DATA FOR SELECTED STATIONS (Continued) 


SOUTH AMERICA {Continued) 




Jan, 

Feb, 

Mar, 

April 

May 

June 

July 

Aug 

Sept. 

Oct, 

Nov 

Dec. 

Tear 

Mangos, 

T. 

79 9 

80.1 

79.7 

79.9 

80 1 

80 1 

80 6 

81 7 

82 8 

82 8 

82 2 

80.6 

80.9 

Brazil 

Rf. 

9.2 

9.0 

9.6 

8.5 

7.0 

3.6 

22 

1.4 

20 

4 1 

5 5 

7.7 

69 8 

Port-of-Spain, 

T. 

75.2 

75,4 

76.3 

77.8 

79,1 

78 1 

77.9 

77 8 

78 3 

78 2 

77 5 

76 3 

77.3 

Trinidad 

Rf. 

27 

1 5 

1.8 

1.8 

3.6 

7.9 

8.8 

9.6 

7.4 

66 

70 

47 

63.4 

Quito, 

T. 

54.6 

54 5 

54.5 

54 5 

54 6 

54.6 

54 5 

54.6 

54 8 

54 6 

54 5 

54.6 

54.6 

Ecuador 

Rf. 

4.1 

42 

5 1 

7.4 

5,0 

1.5 

0.8 

1.4 

2.9 

3 6 

3.7 

3.8 

43 5 

Rio de Janeiro, 

T. 

77.5 

78 1 

77.2 

741 

70 7 

68 2 

67 5 

68.7 

69.4 

71 2 

73 4 

74 8 

72.5 

Brazil 

Rf. 

5.0 

43 

53 

44 

3 5 

2.0 

1.6 

1.8 

2.6 

3.2 

4 3 

5 4 

43 4 

Santiago, 

T. 

67.3 

66.0 

61.9 

56 1 

50 5 

46.0 

46.0 

48.2 

52 2 

56 1 

61 0 

65 7 

56 4 

Chile 

Rf. 

0.0 

0.1 

0.2 

0.6 

2.6 

3.3 

3.1 

2.2 

1 3 

0 5 

0 2 

0.2 

14.3 

Valdivia, 

T. 

61.9 

60.4 

57.9 

53 1 

49 6 

45.5 

45.7 

46 4 

48.0 

52 0 

55 0 

59.0 

52 9 

Chile 

Rf. 

2,4 

3.0 

5.5 

9.4 

15 2 

17 0 

16.1 

132 

8.7 

52 

5 0 

4.1 

104 8 


ANTARCTICA 


Framheim T. 

(Little America) 

21.7 

9.3 

-7.4 ' 

-24.0 ■ 

-27.0 - 

-29.4 . 

-33,7 

-34.2 - 

-29.2 - 

-14.1 

8.6 

23.7 - 

-11.3 

EUROPE 

Athens, 

T 

46 4 

47 5 

52.3 

58.8 

67.8 

75 7 

80 6 

79 9 

73.9 

66 0 

57.0 

50.0 

63 0 

Greece 

Rf. 

20 

1.5 

1.3 

0.8 

0.7 

0.6 

0.3 

0.4 

0.6 

1 7 

3.0 

2.4 

15.4 

Berlin, 

T. 

31.3 

32.5 

37 0 

45 9 

54 9 

62.1 

64 6 

63.3 

57 0 

48 2 

38.1 

32.7 

47.3 

Germany 

Rf. 

1.5 

1.3 

1.7 

1.4 

20 

2.0 

3.1 

2.2 

1.8 

1.8 

1.6 

1 7 

22.2 

Bordeaux, 

T. 

40 6 

43 2 

46.9 

53 1 

58.3 

64.2 

68 2 

68.2 

63.7 

55 4 

46 9 

41.2 

54 1 

France 

Rf. 

28 

2 3 

2.5 

2 6 

2.9 

3.2 

2.0 

2.2 

26 

3.7 

37 

2.9 

33.4 

Bergen, 

T. 

34.2 

33.6 

35.4 

42.1 

48.9 

55.0 

57 9 

57.6 

52 7 

45.1 

38 5 

34 7 

44.6 

Norway 

Rf. 

6.9 

5.6 

4.3 

3.8 

4.1 

4.4 

59 

6.9 

8.3 

8.8 

6.7 

7.4 

73 1 

Brussels, 

T. 

34.4 

36.1 

39.7 

46 9 

53.2 

59.7 

63.0 

62.2 

57.7 

49.5 

41.2 

35.6 

48 2 

Belgium 

Rf. 

2.2 

1.8 

2.0 

1 7 

2.3 

2.5 

3.1 

3.1 

2.7 

2.9 

2.7 

2.6 

29.6 

Copenhagen, 

T. 

32.2 

31.8 

34.5 

41.7 

50.7 

58 6 

61.9 

60 6 

55.4 

47.3 

40.1 

34.5 

45 9 

Denmark 

Rf. 

1.3 

1 3 

1.5 

1 3 

1.5 

1.8 

2.3 

2.6 

1.8 

2.1 

1.7 

1.8 

20.7 

Dublin, 

T. 

42.1 

42 5 

43.6 

47.0 

51 8 

57.1 

60.1 

60 0 

56.0 

50.2 

45 8 

42.7 

49.9 

Ireland 

Rf. 

2 3 

1.9 

1,9 

1.9 

20 

2.0 

2.6 

3.0 

1.9 

2.7 

2.7 

2.5 

27.4 

Geneva, 

T. 

32 0 

35 6 

40 8 

48.9 

55.9 

62.8 

67.1 

64.9 

59 2 

49.1 

40 8 

33 6 

49.1 

Switzerland 

Rf. 

1 6 

1.8 

2 1 

2.6 

3.2 

3.0 

3.1 

3.5 

3.1 

4.4 

3.1 

2.2 

33.7 

Goteborg, 

T. 

30.7 

30.4 

33.1 

41.7 

50.7 

59.0 

62.2 

60 6 

54 9 

46 0 

38 5 

32.7 

45.0 

Sweden 

Rf. 

2.6 

1.9 

1.9 

1.5 

1.9 

21 

2 9 

3.2 

3.5 

3.0 

29 

2.6 

30.0 

Istanbul, 

T. 

40.6 

41.0 

45.5 

52 3 

61.0 

69.1 

73.2 

72.5 

67.3 

61 3 

52 5 

45.3 

56,8 

Turkey 

Rf. 

3.4 

2.7 

2.4 

1.7 

1.2 

1 3 

1.1 

1.7 

2.0 

2 5 

4.0 

4.8 

28.9 

Lisbon, 

T. 

50 5 

52.2 

54.3 

57 6 

60 3 

66.7 

70.0 

71.1 

68.4 

62 2 

56.5 

51.6 

60.1 

Portugal 

Rf. 

3.6 

3.5 

3.4 

2.5 

1.9 

0.7 

0.1 

0.2 

1.4 

3.2 

4.3 

4.0 

28.8 

London, 

T. 

38.9 

40.1 

42.4 

47.3 

53.4 

59.2 

62.7 

61.6 

57.1 

49 9 

44.0 

40.3 

49.7 

England 

Rf. 

1.9 

1.7 

1.8 

1.5 

1.8 

2.0 

24 

2.2 

1.8 

2.6 

2.4 

2.4 

24 5 

Lyon, 

T. 

36.3 

40.1 

45.9 

54.0 

60.3 

66.4 

70.2 

68 5 

62 6 

53 2 

43.7 

36.5 

53.1 

France 

Rf. 

1.3 

1.4 

2.1 

26 

3.3 

33 

3.4 

3.3 

3.0 

3.8 

2.6 

1.9 

32.0 

Madrid, 

T. 

39.7 

43.9 

47.5 

52.3 

59.4 

68.5 

75 7 

74.8 

66.4 

54.9 

47.1 

40.1 

55.9 

Spain 

Rf. 

1.3 

1.1 

1.7 

1 9 

1.7 

1.2 

0.5 

0.4 

1.3 

1.8 

1 9 

1.6 

16.4 

Moscow, 

T 

12.2 

14.7 

23.4 

38.3 

53 1 

61.5 

66.0 

62 8 

52.2 

39 7 

27.7 

17.2 

39.0 

U.S.S.R. 

Rf. 

1.1 

0.9 

1.2 

1.5 

1.9 

2.0 

2.8 

2 9 

2.2 

1.4 

1.6 

1 5 

21.0 
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TABLE IV. CLIMATIC DATA FOR SELECTED STATIONS {Continued) 


EUROPE (Continued) 




Jan 

Feb 

Mar. 

April 

May 

June 


Aug. 

Sept. 

Oct. 

Nov 

Dec. 

Tear 

Munich, 

T 

27 3 

30 4 

36.1 

45,3 

53 1 

59.7 

63.0 

61 5 

55.4 

46 0 

35 6 

28 6 

45.1 

Germany 

Rf. 

1.5 

1 3 

22 

2.5 

3.9 

48 

4.8 

4.6 

3.0 

2.5 

2.1 

20 

35.2 

Odessa, 

T. 

25.3 

27 7 

34 9 

47.5 

59 2 

68 0 

72.7 

70.9 

62.1 

51.8 

41.0 

30.6 

49.3 

U S S.R. 

Rf. 

0.9 

0.7 

1.1 

1.1 

1 3 

2.3 

2 1 

1 2 

1.4 

1.1 

1 6 

1.3 

16.1 

Paris, 

T. 

34 9 

39 4 

43.2 

49 3 

56.1 

61.7 

64.6 

63 9 

58 5 

50 0 

42.4 

38 1 

50.2 

France 

Rf 

1 5 

1 4 

1.6 

1 7 

1.9 

2.1 

2.2 

2.1 

1.9 

2.3 

1.9 

20 

22.6 

Rome, 

T 

44.6 

46 8 

50.9 

56 7 

64 4 

70 9 

76.1 

75 6 

69 6 

61.7 

52.7 

46.4 

59.7 

Italy 

Rf 

3 2 

27 

2.9 

2,6 

2.2 

1.5 

07 

1.0 

2.5 

5.0 

4.4 

38 

32.5 

Vienna, 

T 

28 9 

32 4 

39.0 

48 9 

57.2 

63 9 

67.3 

65 8 

59.4 

49 6 

38.3 

30.9 

48.6 

Austria 

Rf 

1 5 

1 3 

1 8 

20 

28 

2.8 

2.8 

2.8 

1 7 

1 9 

1.6 

1 7 

24.5 

AUSTRALIA AND NEW ZEALAND 

Adelaide, 

T 

73 9 

74 1 

69 8 

63.9 

57 9 

53.5 

51.7 

54.0 

57.1 

61 9 

66 9 

71.1 

63 0 

Australia 

Rf. 

0.7 

0.6 

1.0 

1.7 

2.8 

3.1 

26 

2.5 

2.0 

1.7 

1 2 

1.0 

20.9 

Alice Springs, 

T 

84.0 

82 3 

76 7 

68.1 

59.7 

54.4 

52.4 

58.3 

65.6 

73 5 

79 5 

82.4 

69.7 

Australia 

Rf. 

1.8 

1.7 

1 3 

0.9 

0.6 

06 

0.4 

0.4 

0.4 

07 

0 9 

1.3 

11.1 

Auckland, 

T. 

66 6 

67.3 

65 7 

61.3 

57.0 

53 8 

52.0 

52.0 

54.5 

57.0 

60 4 

64 2 

59.4 

New Zealand 

Rf. 

26 

3.0 

3.1 

3.3 

4.4 

4.8 

5.0 

4.2 

3.6 

3.6 

3.3 

2.9 

43.8 

Brisbane, 

T. 

77.2 

76.5 

74 3 

70.3 

64.5 

60 2 

58 5 

60.4 

65.4 

69 8 

73.6 

76 4 

68.9 

Australia 

Rf. 

6 3 

6.2 

5.6 

3.6 

2 8 

2.6 

23 

2.1 

2.0 

2.6 

3.7 

48 

44.6 

Darwin, 

T. 

83 8 

83 4 

84 0 

84 1 

81.8 

78.9 

77.4 

79 4 

82 6 

85 3 

85 8 

85 1 

82 6 

Australia 

Rf. 

15 9 

12.9 

10.1 

4.1 

0.7 

0.1 

0.1 

0.1 

0.5 

22 

4.8 

10 3 

61.8 

Melbourne, 

T. 

67.5 

67 6 

64.6 

59.4 

54.1 

50 4 

48.7 

51 1 

54.1 

57.7 

61 3 

64 9 

58.4 

Australia 

Rf. 

1.8 

1.8 

2.1 

22 

2.1 

2.0 

1.8 

1 7 

24 

2.6 

22 

2.2 

24.9 

Perth, 

T. 

73 5 

74 1 

71 1 

66 4 

60.4 

56.2 

55 0 

55 9 

58 0 

60 9 

65 4 

70 6 

64.0 

Australia 

Rf 

0 3 

03 

0.7 

1.7 

4.9 

6.6 

6.4 

56 

3.3 

2 1 

0.8 

06 

33.3 

Sydney, 

T 

71 7 

71.3 

69 3 

64,7 

58.8 

54.6 

52.7 

55 0 

59 2 

63 5 

67.1 

70.1 

63.1 

Australia 

Rf 

3.7 

42 

48 

5,6 

5 1 

48 

4.8 

3.0 

29 

3.2 

28 

2.9 

47.8 


AFRICA 


Addis Ababa, 

T. 

61 9 

59.4 

64 0 

61 2 

63 2 

59 2 

56.7 

58.9 

58 0 

60 0 

61.4 

60 0 

60.2 

Ethiopia 

Rf. 

0.6 

1.9 

28 

34 

30 

5.7 

11 0 

12.1 

7.6 

0.8 

0.6 

0.2 

49.6 

Algiers, 

T 

49.3 

50 4 

52 5 

55 8 

61.0 

67.9 

73 4 

74 7 

70.3 

63.7 

56.8 

51.8 

60.6 

Algeria 

Rf. 

40 

2 6 

33 

20 

1.7 

0.7 

0.1 

0.1 

1.1 

3.4 

4 1 

3.9 

27.0 

Banana, 

T. 

80 4 

80 8 

81 5 

80.4 

78 6 

74 7 

72.5 

72 5 

75.9 

78 6 

79 9 

79.9 

77.9 

Belgian Congo 

Rf 

2.1 

2.3 

37 

6 1 

1.9 

0.0 

0.0 

0 1 

0.1 

1.6 

5.9 

47 

28.6 

Cairo, 

T. 

54.1 

56.8 

62.4 

70 2 

76 8 

81.9 

83 5 

82.6 

78.1 

71.4 

65 1 

57 9 

70.1 

Egypt 

Rf 

0.3 

0.2 

0.2 

01 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0 2 

1.2 

Cape Town, 

T 

69.9 

70 3 

68.1 

63 2 

58 9 

55.7 

54.7 

55 6 

57 9 

61.2 

64.4 

67.9 

62.3 

South Africa 

Rf. 

0.7 

06 

0.9 

1 9 

38 

4.5 

3.6 

3.4 

23 

1.6 

1.1 

08 

25.2 

Freetown, 

T. 

81.3 

82 3 

82.4 

82.4 

81 5 

80.3 

78.6 

77 9 

79.1 

80 1 

81.2 

81 4 

80.7 

Sierra Leone 

Rf 

0.4 

0.3 

1.2 

4.1 

11.5 

20.0 

35,6 

36.6 

28 5 

12 6 

5.1 

1 4 

157.3 

In Salah, 

T 

54.0 

57.0 

66.2 

76.5 

85.3 

93.7 

97.7 

95.0 

90 0 

80 2 

67 6 

57 2 

76.6 

Algeria 

Rf 










. . . 



• • 

Johannesburg, 

T. 

66 5 

65.4 

63.3 

59.8 

54.4 

50.7 

50.5 

54.3 

59.4 

62.7 

63.5 

65.1 

59.6 

South Africa 

Rf. 

6.2 

5.2 

4.4 

1.7 

0.8 

0.1 

0.3 

0.5 

1.0 

2.6 

5 0 

5 4 

33.2 

Lagos, 

Nigeria 

T. 

80.9 

82.2 

83.3 

82.5 

81.8 

79.3 

78.0 

77.7 

78.4 

79.5 

81 4 

81.5 

80.5 

Rf. 

1.1 

2.1 

3.7 

5.7 

10.5 

18 6 

10 7 

2 8 

5.3 

7.8 

2 6 

0 8 

71.7 
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TABLE IV. CLIMATIC DATA FOR SELECTED STATIONS {Continued) 


AFRICA {Continued) 




Jan 

Feh, 

Mar. 

April 

May 

June 

July 

Aug 

Sept 

Oa 

Nov 

Dec 

Tea) 

Port Elizabeth, 

T 

69 4 

69 7 

68 0 

65 1 

61 6 

59 3 

57 9 

58 4 

59 8 

61 8 

64 5 

67 6 

63 6 

South Africa 

Rf. 

1 2 

1 3 

1 8 

20 

24 

1 7 

1 9 

2 1 

2 2 

2 1 

2 1 

1 7 

22.5 

Y aunde. 

T 

73 6 

73.9 

73 6 

72 3 

72 1 

70.9 

70 2 

70 7 

71 1 

70 7 

72 3 

73 0 

72 0 

Cameroon 

Rf 

1 6 

27 

5 9 

9 1 

8 1 

45 

2.6 

3 3 

7 6 

8 9 

5 9 

2 0 

62.2 

ASIA 

Baghdad, 

T 

46 8 

53 0 

60 3 

70 2 

80 7 

89 6 

94 0 

93 8 

86 9 

76 3 

60 7 

50 3 

71 9 

Iraq 

Rf 

1 1 

1 1 

1 2 

0 8 

02 

00 

0 0 

0 0 

0 0 

0 1 

0 8 

1 2 

6 6 

Batavia, 

T. 

77 9 

77.9 

78 1 

79 5 

79 7 

79 2 

78 6 

79 0 

79.7 

79 9 

79 3 

78.4 

78 9 

Java 

Rf. 

130 

12 8 

7 8 

5 1 

40 

3 7 

2 6 

1 7 

2.9 

4 5 

5 5 

8 5 

72 1 

Bombay, 

T. 

75 5 

75 7 

79 5 

83 1 

85 8 

84 0 

81 4 

80 8 

80 9 

82 4 

80 6 

77 4 

80 6 

India 

Rf. 

0 1 

0 1 

00 

00 

07 

19 9 

24 2 

14 5 

10 6 

1 9 

0 4 

0 0 

72 4 

Calcutta, 

T. 

66 6 

71 2 

80 2 

85 6 

86 1 

85 1 

83 7 

83 2 

83 2 

79 3 

73 5 

66 5 

78 7 

India 

Rf 

0 4 

0 1 

1 4 

2 2 

56 

11 9 

12.7 

13 4 

10 0 

4 9 

0 6 

0 2 

64 3 

Delhi, 

T. 

57.9 

62 2 

74 1 

86 2 

91 7 

92 2 

86 4 

84 5 

83 9 

78 5 

67 6 

59 6 

77 1 

India 

Rf. 

1 0 

0 6 

0 5 

04 

07 

2 9 

7.6 

7 0 

4.7 

0 5 

0 1 

0 4 

26 2 

Karachi, 

T, 

65 3 

68.4 

75 0 

80.6 

84.7 

86 8 

84.3 

82 4 

82 0 

80 0 

74 0 

67 4 

77.6 

India 

Rf 

0 6 

04 

03 

0 1 

0 1 

06 

2 8 

1 7 

0 6 

00 

0.1 

02 

7 5 

Madras, 

T 

76 2 

77 7 

81 1 

85 3 

89 8 

90 0 

87 6 

86 0 

85 2 

82 3 

78 9 

76 7 

83 1 

India 

Rf. 

1 1 

0 3 

0 3 

06 

1 8 

20 

3 8 

4 5 

48 

11 1 

13 6 

5 3 

49 2 

Mukden, 

T 

8.1 

14 0 

29 7 

46 9 

60 1 

70 5 

76 5 

74 5 

61 3 

48 4 

29 1 

140 

44 4 

Manchukuo 

Rf. 

02 

0 3 

07 

1 1 

22 

34 

5 8 

5 3 

3.3 

1 5 

0 9 

02 

24.9 

Manila, 

T. 

76 5 

77 5 

79 9 

82 6 

83 1 

81 9 

80.6 

80 4 

80 2 

79 7 

78 4 

77 0 

79 9 

P. I 

Rf. 

08 

0 5 

08 

1 2 

5.2 

10 2 

17 4 

170 

13 8 

6 7 

5 7 

2 8 

82.0 

Nemuro, 

T. 

22 8 

22 3 

31 6 

37 2 

43.9 

50.0 

57 6 

62 6 

58 8 

50 4 

39 4 

29 3 

42 1 

Japan 

Rf. 

1 3 

1 0 

22 

2.9 

3.7 

3.7 

3 8 

43 

5 5 

3 8 

3 3 

2 3 

37 8 

Peiping, 

T. 

23.5 

29 3 

41 0 

56.7 

67.8 

76.1 

78 8 

76 5 

67.6 

54 5 

38 5 

27.3 

53 1 

China 

Rf 

0 1 

02 

0 2 

0 6 

1 4 

3.0 

9 4 

6 3 

2 6 

06 

0 3 

0 1 

24 9 

Shanghai, 

T 

37 6 

39 2 

46 0 

56.3 

65.5 

73 4 

80 4 

80 2 

72 9 

63 3 

51 8 

42 1 

59 0 

China 

Rf 

22 

2.3 

34 

3.8 

37 

6.5 

5 5 

5.9 

4.7 

32 

1 7 

1 2 

44 0 

Singapore, 

T. 

78.3 

79.0 

80 2 

80 8 

81.5 

81.1 

81 0 

80.6 

80.4 

80 1 

79 3 

78 6 

80 1 

Straits Setts. 

Rf 

8 5 

6.1 

6 5 

69 

7.2 

6.7 

6 8 

8 5 

7.1 

8 2 

10 0 

10 4 

92.9 

Teheran, 

T. 

33.6 

42,3 

48 1 

61 3 

71.3 

80 0 

84.9 

83 2 

77 4 

65.8 

51.3 

41.7 

61 7 

Iran 

Rf 

1 2 

0 9 

24 

0 9 

04 

00 

04 

00 

0.1 

0.1 

1 2 

1 3 

8 9 

Tokyo, 

T 

37 2 

38 3 

44 1 

54 3 

61 5 

68 9 

75 0 

77.7 

71.6 

60 6 

50 4 

41.4 

56.8 

Japan 

Rf 

20 

2.6 

43 

5 3 

5.9 

6 3 

5 6 

4.6 

7.5 

7 2 

4 3 

2 3 

57.9 

Verkhoyansk 

T. 

-58.2 - 

-48 1 - 

-23 8 

9.5 

36 3 

56 1 

59.9 

51 6 

36 1 

5 7 

-34.1 

-51 3 

3 3 

U.S.S.R. 

Rf. 

0 2 

0 1 

0.1 

02 

0.3 

0.9 

1.1 

1.0 

0.5 

0.3 

0.3 

0.2 

5 2 

Vladivostok, 

T. 

4 8 

12 4 

26.4 

39 2 

48 7 

56 8 

66 0 

69.4 

61 3 

48 6 

29.8 

13 6 

39 7 

U.S.S.R 

Rf. 

0.1 

0 2 

0 3 

1.2 

1.3 

1.5 

2.2 

3.5 

2.4 

1 6 

0.5 

0.2 

14.7 

Yakutsk, 

T. 

-45.9 ■ 

-33 2 

-9 2 

16.7 

41.4 

59.5 

66.4 

58 8 

42 6 

16 7 

-20 0 

-40 4 

12 8 

U S.S.R 

Rf. 

0 2 

02 

0 1 

02 

0.5 

1 1 

1 3 

1.7 

0 9 

0.5 

04 

03 

7.4 
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TABLE V THE CONTINENTS AND THEIR AREAS 


Continent Area in Square Miles 


Africa 

Antarctica 

Asia 

Australia 


11,297,377 

5,362,626 

16,429,987 

2,974,581 


Continent Area in Square Miles 

Europe 3,780,103 

North America 9,363,500 

South America 7,049,646 


TABLE VI. SELECTED ISLANDS AND THEIR AREAS 


Island 

Area in 

Square Miles 

Island 

Area in 
Square Miles 

Borneo, East Indies 

282,416 

Java, East Indies 

50,745 

Celebes, East Indies 

72,679 

Luzon, Philippines 

40,814 

Ceylon, Indian Ocean 

25,332 

Madagascar, Indian Ocean 

228,707 

Cuba, West Indies 

44,164 

Newfoundland, North Atlantic 

42,734 

Great Britain, North Atlantic 

88,745 

Novaya Zemlya, Arctic Region 

35,150 

Greenland, Arctic Region 

837,620 

Papua (New Guinea) East Indies 

342,232 

Hawaii, Pacific Ocean 

4,015 

Puerto Rico, West Indies 

3,534 

Hokkaido, Japan 

30,000 

Sicily, Mediterranean Sea 

9,935 

Honshu, Japan 

87,500 

Sumatra, East Indies 

163,138 

Iceland, Arctic Region 

39,709 

Vancouver, Canada 

12,468 

Ireland North Atlantic 

31,829 

West Spitzbergen, Arctic Region 

15,260 

Jamaica West Indies 

4,450 

Wrangel, Arctic Region 

1,806 


TABLE VII SELECTED BODIES OF WATER AND THEIR AREAS 



Area in 


Area in 

Body of Water 

Square Miles 

Body of Water 

Square Miles 

Antarctic Ocean 

5,731,400 

Huron Lake, U. S. A. 

23,010 

Arctic Ocean 

5,541,000 

Indian Ocean 

28,357,000 

Athabasca Lake, Canada 

2,842 

Manitoba Lake, Canada 

1,817 

Atlantic Ocean 

31,529,000 

Mediterranean Sea 

1,145,000 

Baikal Lake, U.S S.R. 

13,197 

Gulf of Mexico 

700,000 

Balkash Lake, U.S. S.R. 

7,115 

Michigan Lake, U. S. A. 

22,400 

Caribbean Sea 

750,000 

Nyassa Lake, Africa 

10,231 

Caspian Sea 

69,383 

Ontario Lake, U. S. A. 

7,540 

Chad Lake, Africa 

10,400 

Pacific Ocean 

63,985,000 

Erie Lake, U. S. A. 

9,940 

Red Sea 

178,000 

Eyre Lake, Australia 

3,700 

Superior Lake, U. S. A. 

31,810 

Great Bear Lake, Canada 

14,000 

Tanganyika Lake, Africa 

12,355 

Great Salt Lake, U. S. A. 

2,560 

Titicaca Lake, South America 

3,261 

Great Slave Lake, Canada 

7,100 

Victoria Lake, Africa 

26,828 

Hudson Bay, North America 

472,000 

Winnipeg Lake, Canada 

9,400 
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TABLE VIII. SELECTED RIVERS AND THEIR LENGTHS 


River 


Length 
in Miles 


River 


Length 
in Miles 


Amazon, South America 


Nile, Africa 


Amur, Asia 


Ob, Asia 


Brahmaputra, Asia 


Ohio, North America 

1,283 

Colorado, North America 

1,650 

Orinoco, South America 


Columbia, North America 

1,270 

Parana, South America 

2,450 

Congo, Africa 


Plata-Paraguay, South America 


Danube, Europe 

1,725 

Rhine, Europe 


Euphrates, Asia 


Rhone, Europe 


Ganges, Asia 

1,445 

Rio Grande, North America 

1,650 

Hwang, Asia 


Rio Negro, South America 


Indus, Asia 


St. Lawrence, North America 


Lena, Asia 

2,860 

Saskatchewan, North America 

1,205 

Mackenzie, North America 


Tapajoz, South America 

1,150 

Madeira, South America 


Ural, Europe 

1 

Magdalena, South America 

950 

Volga, Europe 


Mekong, Asia 


Yangtze, Asia 


Mississippi, North America 

2,495 

Yenisei, Asia 


Missouri, North America 

2,945 

Yukon, North America 

^B ' 

Niger, Africa 


Zambezi, Africa 



TABLE IX. LONGEST DAYS IN SELECTED LATITUDES 


Latitude 

Length of Day 

Latitude 

Length of Day 

0° 

12 hours 

50° 

16 hours, 9 minutes 

5° 

12 hours, 17 minutes 

55° 

17 hours, 7 minutes 

10° 

12 hours, 35 minutes 

60° 

18 hours, 30 minutes 

15° 

12 hours, 53 minutes 

65° 

21 hours, 9 minutes 

20° 

13 hours, 13 minutes 

66° 33' 

24 hours 

25° 

13 hours, 34 minutes 

70° 

65 days 

30° 

13 hours, 56 minutes 

75° 

103 days 

35° 

14 hours, 22 minutes 

80° 

134 days 

40° 

14 hours, 51 minutes 

85° 

161 days 

45° 

15 hours, 26 minutes 

90° 

6 months 


In the above tabulation, the longest day is considered the longest period from sunrise to sunset. Further, no 
allowance is made for the slower rotation of the earth on its axis during the summer months nor for refraction, 
which lengthens the daylight period everywhere. 
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TABLE X. LAND AND WATER AREAS OF THE UNITED STATES BY STATES— 1940* 


Area 

Total 
Area 
in Square 
Miles 

Land Area 
in Square 
Miles 
1940 

Inland 
Water Area 
in Square 
Miles 

Area 

Total 
Area 
in Square 
Miles 

Land Area 
in Square 
Miles 
1940 

Inland 
Water Area 
in Square 
Miles 

United States 



45,259 

Missouri 

69,674 

69,270 

404 





Montana 

147,138 

146,316 

822 

Alabama 

51,609 

51,078 

531 

Nebraska 

77,237 

76,653 

584 

Arizona 

113,909 

113,580 

329 

Nevada ' 

110,540 

109,802 

738 

Arkansas 

53,102 

52,725 

yii 

New Hampshire 

9,304 

9,024 

280 

California 

158,693 

156,803 

1,890 

New Jersey 

7,836 

7,522 

314 

Colorado 

104,247 

103,967 

280 

New Mexico 

121,666 

121,511 

155 

Connecticut 

5,009 

4,899 

110 

New York 

49,576 

47,929 

1,647 

Delaware 

2,057 

1,978 

79 

North Carolina 

52,712 

49,142 

3,570 

District of 




North Dakota 

70,665 

70,054 

611 

Columbia 

69 

61 

8 

Ohio 

41,222 

j 41,122 

100 

Florida 

58,560 

54,262 

4,298 

Oklahoma 

69,919 

69,283 

636 

Georgia 

58,876 

58,518 

358 

Oregon 

96,981 

96,350 

631 

Idaho 

83,557 

82,808 

1A9 

Pennsylvania 

45,333 

45,045 

288 

Illinois 

56,400 

55,947 

453 

Rhode Island 

1,214 

1 1,058 

156 

Indiana 

36,291 

36,205 

86 

South Carolina 

31,055 

30,594 

461 

Iowa 

56,280 

55,986 

294 

South Dakota 

77,047 

76,536 

511 

Kansas 

82,276 

82,113 

163 

Tennessee 

42,246 

41,961 

285 

Kentucky 

i 40,395 

40,109 

286 

Texas 

267,339 

263,644 

3,695 

Louisiana 

1 48,523 

1 45,177 

3,346 

Utah 

84,916 

82,346 

2,57® 

Maine 

33,215 

31,040 

2,175 

Vermont 

9,609 

9,278 

331 

Maryland 

10,577 

9,887 

690 

Virginia 

40,815 

39,899 

916 

Massachusetts 

8,257 

7,907 

350 

Washington 

68,192 

66,977 

1,215 

Michigan 

58,216 

57,022 

1,194 

West Virginia 

24,181 

24,090 

91 

Minnesota 

1 84,068 

80,009 

4,059 

Wisconsin 

56,154 

54,715 

1,439 

Mississippi 

47,716 

47,420 

296 

Wyoming 

1 

97,914 

i 97,506 

1 

408 


* After the U. S. Census, 1940. 

Based on a set of U. S. Coast and Geodetic Survey 
aeronautical charts on a scale of 1:500,000. Areas 
computed by use of international geodetic tables and 
planimeter measurement. 

“Land area is defined to include: Dry land and land 
temporarily or partially covered by water, such as 
marshland, swamps, and river floodplains; streams, 
sloughs, estuaries, and canals less than one-eighth of 
a statute mile in width; and lakes, reservoirs, and ponds 
having less than 40 acres of area.” 


“Inland water is defined to include: Permanent 
inland water surface, such as lakes, reservoirs and ponds 
having 40 acres or more of area; streams, sloughs, 
estuaries, and canals one-eighth of a statute mile or 
more in width; deeply indented embayments and 
sounds; and other coastal waters behind or sheltered 
by headlands or islands separated by less than one 
nautical mile of water; and islands having less than 
40 acres of area.” 
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INDEX 


'‘A” or tropical climates, 637flF. 

Abaca, 461. 

Absolute humidity, statement of, 128 

Achua, 375. 

Acre-foot, a measure of irrigation water, 214. 

Admiralty mile, 613. 

“Af ' or tropical ram forest climate, 637ff 

Agassiz, Lake, origin and drainage of, 262£. 

Agriculture, advantages of rice as a crop m Oriental, 
415f.; animal industries of Oriental, 424f ; annual 
range of temperature, effect on, 122f , beginnings 
of, 397ff., 413f ; character of advance of, 4131 ; 
characteristics of Oriental, 414f ; classification of 
types of Occidental, 433, cloudiness, effect on, 139, 
commercial gram farming, 436ff ; daily range of 
temperature, effect on, 12 If ; dairying, 440ff , di- 
versification of, 435ff ; dry farming, 437f , effec- 
tiveness in producing environmental change, lOlf.; 
elevation, effect on, 122ff , evolution of present day 
Occidental, 430ff , farm size and pattern in Orien- 
tal, 420ff., frost and crops, 119ff., frost-free season, 
effect on, 116ff ; garden, 442ff.; general farming, 
434ff ; high temperatures, effect on, 118; Indian, 
407f., intensity of precipitation, effect on, 143, 
Japanese, 419ff ; Javanese, 418ff., location of fron- 
tiers of, 413; mechanization of, 439f , modification 
of environment by, 413ff.; Oriental, 413ff , Orien- 
tal in Japan, 419ff ; origin of Occidental, 429ff ; 
origin of animals of Occidental, 430f.; origin of 
crops of Occidental, 430ff.; patron divinities of, 
492; pattern of early western European, 432ff ; 
plantation, 447ff.; primitive, 397ff.; problems of 
Japanese, 425ff , semiplantation, 46 If ; soil groups 
as they affect, 665£.; specialized intensive, 422ff ; 
spread of Occidental, 429f.; subsistence, 433ff.; 
sunlight, effect on, 115f.; temperature eflSciency, 
effect on, 117f., types of Occidental, 432ff ; types 
of Oriental, 415; types of plantation, 450f ; use of 
fertilizer in Oriental, 423f. 

Agricultural regions. United States, 664. 

Amu, 419f. 

Air, ability of to hold water, 126f.; masses, 651; air 
mass analysis, 652f ; transport by, 532f.; effects 
of transport by, 536ff ; speed of transport by, 535f . 

Aithoff's projection, 603f. 

Alakalufs, a nomadic hunting population, 369. 

Alaska, fisheries of, 506ff.; gold mining of, 483ff.; 
strategic importance of, 22; value of, 22f. 

Aleppo pine, a forest product, 474. 
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Alexander, contributions to geographic knowledge 
by, 4. 

Alkali spots, 97ff 
All-American Canal, 221. 

Alluvial fans, 257. 

Alluvial plains, city sites on, 26f , 259, farm pattern 
of, 259f , floods of, 259ff , formation of, 2571 , 
natural drainage of, 257f , soils of, 257f , topog- 
laphy of, 257f ; variation in, 259f. 

Alluvium, deposition of, 176f., pioductivity of, 176f 
Amana villages, 562f. 

Amazon River, use of for navigation, 184. 
Ambergris, 500 
Anemometer, 148. 

Animal life, 345ft ; desert, 346f ; forest, 345ft , grass- 
land, 346f , man’s domestication of, 346f ; man’s 
modification of, 346ff , tundra, 346f 
Annapolis Cornwallis Valley, 444. 

Ann Arbor, water supply of, 23 If. 

Anticyclones, 154f ; paths of travel of, 165. 
Antipodal location, 350. 

Area, how shown on maps, 599; land, United States, 
683, total, United States, 683, water. United 
States, 683. 

Areal differentiation, effect of stage of development 
on, 26f 

Aristarchus, 627. 

Aristotle, 2. 

Arkansas, irrigation in, 214. 

Artesian wells, 231. 

Asari, a Hokkaido fishing village, 508ff. 

Asia, soil erosion in, 112. 

Asteroids, 627. 

Atacama Desert, nitrate deposits of, 304f. 

Atlantic and Gulf Coastal Plain, elevation and topog- 
raphy of, 253£. 

Atmosphere, layers of, 160f ; thickness of, 160f. 
Australia, precipitation of, 62. 

Automobiles, development of, 528ft ; effect of on 
other forms of transportation, 530f. 

‘*Aw” or savanna climate, 640ff. 

Azimuthal projections, 600; equidistant, 604f. 

Aziza, temperatures of, 118. 

‘'B” or dry climates, 647ff. 

Babinet’s equal-area projection, 602f. 

Baguio, 154. 

Balia, African pygmies, 376 

Banana, cultivation of, 451f., plantations, 450ff. 
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Banks, Newfoundland, 503f. 

Barge Canal, New York State, 195if. 

Baioineter, 162f.; use of in weather prediction, 162f. 
Base line, 626. 

Basin furrowing, 110. 

Bay of Fundy, tides of, 311. 

Beasts of burden, use of animals for, 515ff. 

Belem, rainfall of, 161; temperatures of, 123. 
Belterra, a rubber plantation, 458. 

Beluga, 367 

Bermudas, water supply of, 226. 

Bhils, 251. 

Bikei, 400. 

Black fellows, 63. 

Blizzard, 158. 

Bluegrass, settlement of, 60f. 

Bog ores, 294. 

Bonne projection, 610. 

Bora, 61, 151 

Boston, city plan of, 571; water supply of, 230. 
Boulder, water supply of, 232 
Bronze, use of, 291f. 

Brown soils, 663ff 

'‘BS’’ or steppe climate, 647flF. 

Bucher, 373. 

Building stone, 303f. 

Bush fallowing, Nigeria, 40 If. 

Bushmen, 31; adaptations to the desert, 374flF.; cloth- 
ing and utensils of, 372ff , food supply of, 373ff., 
home of, 369f ; method of kindling a fire by, 373, 
physical characteristics of home region of, 369fiF.; 
shelters of, 372f. 

Bush Negroes, 401ff. 

*‘BW” or desert climate, 648jE 

‘‘C” or Mesothermal climates, 641ff 
Calendars, 632fiF. 

California, attenuation of, 356f , coastal fogs of, 137; 
grazing as an economic activity in, 395f ; irrigation 
m, 221ff , 224fF ; population change in, 47f. 

Camel, use of as beast of burden, 516. 

Campos region, 391, 641. 

Canada, access to sea of, 323f ; attenuation of, 358f. 
Canals, early, 525; early in the United States, 194ff , 
eastern Asia, 200f., European, 198ff ; navigation 
of, 194fF 

Capital, industrial development as affected by, 546f. 
Caribou, migration of, 117. 

Caribbean, strategic problems of, 355f. 

Carthage marble, 274. 

Carts, use of, 518f. 

Cassava, 406. 

Cattle, grazing of, 395ff. 

X^ensuses, past and present, llff. 

Central Valley Project, 224ff , objectives of, 224f. 
''Cfa(Cw)'" or humid subtropical climates, 641ff. 
^'Cfb” or marine west coast climate, 643ff. 
Chaparral, 332. 

Chariots, use of, 519f. 

Charleston, growth of, 566. 

Chernozem, 662ff. 

Cherrapunji Valley, maximum precipitations of, 
143. 


Chestnut soils, 663ff. 

Chicago, dust in air of, 133, site of, 500. 

Chile, attenuation of, 52. 

China, coal deposits of, 482; fisheries of, 502, indus- 
trial development of, 550; industry of, 543f.; loess 
deposits of, 178; monsoon winds of, 151ff,; popu- 
lation problems of, 45f ; roads of, 524f.; soil 
erosion in, 112, use of waterways in, 238. 

Chinook, 15^ 

Cincinnati, city site and plan of, 569, growth of, 566. 

Cirrus clouds, 137 

Cisterns, use of, 22 9f. 

Cities, 558; ‘‘blighted” sections of, 572; classes of, 
562; United States colonial, 561f.; commercial, 
562f , congestion in, 572, factors affecting growth 
of, 566ff.; functions of, 561; future of, 583ff , gov- 
ernmental, 564f ; growth of large American, 574ff.; 
industrial, 564f large cities of recent development, 
561f.; location of, 558f ; locations favoring devel- 
opment of, 559ff., locational advantages of, 351ff.; 
mining, 566f.; obsolescence in, 572, plans of, 568ff.; 
problems of, 571ff.; residential, 565f , resort, 565f ; 
sites of, 560f., suburban developments of, 581f,; 
variable values of a location for, 560ff 

Clay, use of, 303f. 

Climate, basis for classification of, 168f , classifica- 
tion of, 637ff.; major subdivisions of, 637f.; life 
forms as affected by, 114f. 

Climatic conditions, effects of, 52ff 

Climatic data, selected stations, 676ff ; Antarctica, 
678, Europe, 678, 679, Asia, 680, Australia and 
New Zealand, 679, North America, 676, 677, South 
America, 677, 678. 

Climatic types, 637ff. 

Cloquet fire, 83. 

Clouds, effects of on man, 139f.; names of, 137f. 

Coal, 295ff ; advantageous distribution of, 298f , ease 
of mining of, 295f , 296, origin of, 295f.; periods 
of formation of, 295f., U S S.R., 494, world pro- 
duction of, 296f.; world resources of, 296f., types 
of, 295f. 

Coal Age, 298f. 

Coal-mmmg communities, 485ff. 

Coasts, 318ff ; change along, 315f.; depressed, 316f.; 
elevated, 317f ; erosion and sedimentation along, 
317f. 

Coastal plains, Atlantic, elevation of, 253, cutover 
land problems of, 255; economic activities of, 
255ff ; formation of, 253f , natural drainage of, 
254f., resort business of, 257; soils of, 254ff , urban 
development of, 257; variation in, 254f. 

Collectives, USSR, 439. 

Colloids, 173 

Colorado plateaus, 274f.; economic activities of, 276f 
elevation and extent of, 274f.; population of, 276f ; 
precipitation of, 276f.; relief of, 274ff., tempera- 
tures of, 276f. 

Colorado River, fluctuations of, 207ff., improvement 
of, 243ff , use of for irrigation, 212f.; use of for 
power development, 21 Off. 

Columbus, voyages of, 6f. 

Commerce, 539ff , basis for, 539ff., cultural differ-- 
ences affecting, 540f.; employment [afforded by. 
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542f.; sea-borne, 540f , transportation affecting, 
540f. 

Conformal projections, 600. 

Conic projections, 607f.; tangent cone, 607f , secant 
cone, 608f. 

Coniferous forest, 33 Iff ; middle latitudes, 332f , 
subarctic, 332f. 

Conservation, steps necessary for mineral wealth, 
495ff. 

Continents, areas of, 681; locational advantages of, 
350f. 

Continental shelf, 308f. 

Continental slope, 308f. 

Contour interval, 62 If. 

Contour line, 62 If. 

Contour plowing, 110. 

Copernicus, 627. 

Copper, occurrences of, 302. 

Corials, 404. 

Cork, sources of supply of, 474. 

Com, water requirements of, 214. 

Cortez, 22 

Cosmas, map, 2. 

Cosmography, Christian, 3f. 

“Cs” or Mediterranean climate, 642ff. 

Coulee Dam project, 210ff ; effect of on fisheries, 506. 

Counties, compact and attenuated, 356f. 

Countries, compact and attenuated, 358f.; handicaps 
of small size of, 361f.; locational advantages of, 
351f.; small, 361ff. 

Crater Lake, 287. 

Crops, plantation, 449ff ; rotation of, 174f.; variation 
in water requirements of, 214; water requirements 
of, 214ff. 

Cryptomena, 474. 

Cuba, sugar production of, 453ff. 

Cultural environment, factors of, 52ff.; man as 
affected by, 63ff. 

Cumulus clouds, 137. 

Currents, effect of ocean on temperatures, 312f. 

Cutover lands, coastal plains, 255, problems of, 475ff 

Cuyuna range, 490. 

Cyclones, 154f.; origin of, 163f.; paths of travel of, 
163f.; structure of, 651. 

Cylindrical equal-area projection, 60 If 

Cypress, 471. 

‘"D” or Microthermal climates, 643ff. 

Dairy farming, 440ff.; animal industries of, 441ff; 
crops grown in, 441ff. 

Date line, 635ff- 

Daylighf period, variation in length of, 628ff. 

Days, lengths of in hours, 682. 

Deatix Valley, temperatures of, 118, 130. 

Deccan, lava flows of, 69. 

Deciduous hardwood forest, 330f. 

Declination, compass, 618ff. 

Deeps, 309f. 

Deforestation, an agency of environmental change, 
78ff. 

Degradational plains, origin of, 267f.; soils of, 267; 
variation in, 270. 

.Demersal fisheries, 499* 


Desert or “BW’' climate, 648ff. 

Deserts, plant communities of, 328f ; soils of, 665f , 
subtropical high regions, 161; trade wind regions, 
161, types of, 114, vegetation of, 341ff. 

Destructive winds, I54ff. 

Detroit, city site and plan, 57 If , effect of automobile 
on growth of, 530f ; growth of, 561, 567, suburban 
development of, 583f. 

Developable surfaces, 599f 

Dew, 139ff ; conditions favoring occurrence of, 140. 

Dew point, 129. 

"‘Dfa(b)” and ''Dwa(b)” climates, 644ff. 

''Dfc" and *‘Dwc'' climates, 645ff. 

Direction, how shown on maps, 599; on maps, 618f. 

Dissected plateaus, 276ff , drainage of, 276f.; eco- 
nomic activities of, 279f.; elevation of, 276ff., 
living conditions in, 279f.; settlement of, 276ff.; 
topography of, 276f ; variation in, 279f. 

Distance, how shown on maps, 599. 

Diversified agriculture, 435ff.; animal industries of, 
435ff , characteristics of, 435ff.; crops of, 435ff ; 
desirability of, 436f. 

Djuka, 401ff , clothing of, 404f.; collecting industries 
of, 406f., flora and fauna of area occupied by, 
402f ; food supply of, 405ff , future of, 406f ; 
houses and furnishings of, 404ff.; hunting and fish- 
ing by, 406f.; origin of, 40 If.; physical conditions 
of area occupied by, 402ff ; territory occupied by, 
401; tribes of, 402; villages of, 402f. 

Doldrums, 148. 

Donets basin, 547. 

Donkey, use of as beast of burden, 515f. 

Drainage, advantages and disadvantages of, 88ff.; 
associated with irrigation, 86, benefits from arti- 
ficial, 246f ; conditions under which beneficial, 
88f.; conditions under which desirable, 247f.: 
detrimental effects of, 246; economic aspects ot 
artificial, 246f ; effectiveness in producing environ- 
mental change, 10 If ; effects of artificial, 246ff.; 
irrigated areas, 246; lake levels as affected by, 88; 
Netherlands, 83ff.; problems of artificial, 244ff.; 
wild life as affected by, 88f. 

Drained land, classes of m the United States, 86f ; 
distribution of in the United States, 87. 

Drive wells, 229f. 

Droughts, damage produced, 227f.; definition of, 70, 
intensification of detrimental effects by unwise use 
of the land, 71f. 

Dry or “B” climates, 647ff. 

Dry blizzards, 107. 

Dry cold, its effect on sensible temperatures, 130. 

Dry farming, hazards of, 393, 437ff. 

Duluth, city expansion of, 568, water supply of, 233f. 

Dunes, 176f. 

Dust, amount of in the atmosphere, 133ff.; com- 
position of atmospheric dust, 132; effects of on 
atmospehirc phenomena, 133f.; function of in 
condensation of atmospheric moisture, 133; origin 
of atmospheric, 132f.; variability in amount of 
atmosperic, 133. 

Dust Bowl, 70, 102; erosion in, 173f. 

Dust storms, 93, effect of relative humidity on preva- 
lence of, 132. 
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“E” or polar climates, 646ff . 

Earth, dimensions of, 612ff ; early beliefs as to extent 
of inhabited, If.; early beliefs as to shape and size 
of. If.; equatorial diameter of, 613; Greek concepts 
of shape and size of, Iff.; inclination of axis of, 
627; measurements of, 612f.; orbit of, 627; polar 
diameter of, 613; revolution of, 627f.; rotation of 
on axis, 627f.; size and shape of, 612f. 

Earthquakes, 66ff.; causes of, 66f ; effects of, 67£.; 
important, 66f.; regions of occurrence of, 66f. 

Earthworms, work of, 75f. 

Ebony, 466. 

Economic activities, environmental effects of, 55ff. 

Economic organization, environmental effects of, 
56f. 

Ecumene, 358. 

Eden shale belt, 268f. 

Egypt, irrigation in, 21 6f. 

Elephants, use of as beasts of burden, 516f. 

Elevation, native vegetation and crops as effected by, 
123f.; temperatures as effected by, 123f.; represen- 
tation of on maps, 62 If. 

El Ued, 55. 

England, soil erosion in, 111. 

Environment, agencies producing slow change in, 
76f ; alteration of by man, 2 If ; alteration of by 
civilized man, 2 If.; alteration of by primitive man, 
2 If.; American pioneers as affected by 23ff ; 
change m by plants and animals, 74ff.; changing 
views of values of, 22ff.; functions of, 18ff ; human 
agencies effecting change in, 78f.; lack of stability 
of, 20f.; life forms as affected by, 325ff., limiting 
effects of, 19f ; man's effects on cultural, 63ff.; 
natural agencies producing change in, 66f ; permits 
progress if favorable, 59ff ; poor as a cause of re- 
tardation, 60ff , present-day views as to desirability 
of, 24f.; primitive man as affected by, 22f.; repres- 
sive as it affects man, 62ff ; stage of development 
as it affects values of, 2 Iff 

Environmental change, human agencies producing, 
lOlff ; natural agencies producing, 78ff. 

Equal-area projections, 600. 

Equidistant projections, 604f. 

Equinoxes, 628. 

Eratosthenes, 3, 5, 6, 591. 

Erie Canal, 194ff., 526. 

Erosion, agency of environmental change, 76; be- 
ginnings of in the United States, 171f.; climatic 
effects on, 172f.; conditions favoring, 171ff., crop 
yields as affected by, 173f.; slope as it affects, 
172f.; soil type as it affects, 171f., United States 
as affected by, 172ff. 

Eskimo, 31; areas occupied, 364f.; modification of 
life of by contact with whites, 365f.; sources of 
support of, 364f. 

Estonia, 361. 

“ET" or tundra climate, 646ff. 

Europe, industrial regions of, 547ff.; population and 
population changes in, 42ff.; probable post-war 
pattern of industry of, 549f.; spread of population 
of, 44ff. 

Evaporation, factors affecting, 129; rate of, 129f. 

Everglades, 253; fires of, 83f. 


Evergreen hardwood forest, 328f. 

Exports, relation of to imports, 540f. 

Extractive industries, characteristics of, 94f.; effec- 
tiveness of in producing environmental change, 

lOlf. 

Eyre, Lake, 62. 

Fallwinds, 149f. 

Fang, 38; agriculture of, 398ff.; clearing for plant- 
ing by, 398f.; clothing and utensils of, 400ff.; 
collecting industries of, 400f ; crops of, 398; do- 
mestic animals of, 399f.; economic activities of, 
398ff.; fishing by, 399f.; homeland of, 397f.; hunt- 
ing by, 400f.; migrations of, 40 Iff.; physical con- 
ditions of area occupied by, 397ff.; settlements of, 
400ff. 

Farms, size and patterns of in Japan, 420ff. 

Fauna, desert, 346f.; forest, 345ff.; functions of, 53f.; 
grassland, 346f. 

Fens, 178 

Fertilizers, 303ff. 

Feterita, 430. 

Finland, forest industries of, 475. 

Fires, records of early forest, 74f.; set by lightning, 
74f.; set by man, 81f. 

Fisheries, Alaskan, 504ff , 506ff.; Atlantic and Gulf, 
504; demersal, 499, depletion of, 504ff.; eastern 
Asia, 502f ; future of, 512ff.; inshore, 499; lake, 
506f.; location of, 499f.; Newfoundland, 510ff ; 
North Atlantic of the United States, 503ff.; north- 
western Europe, 501ff.; Pacific coast, 504ff ; pearl, 
499f.; pelagic, 499; regulation of, 513f.; salmon, 
504ff ; tropical, 499f ; types of, 499f., value of, 
499f. 

Fishing, 498ff.; recreational, 238; subsistence, 238. 

Fishing grounds, location of, 50l£. 

Flint, use of by early man, 29 If. 

Floating populations, 238. 

Floods, boundary disputes resulting from, 69; causes 
of, 69f., 244f.; control of, 245ff ; deposition dur- 
ing, 69f.; effects of, 69ff , losses from, 245f ; man's 
activities and their effects on, 244ff.; probability of 
in different areas, 245f. 

Flood water farming, 410. 

Flora, effects of, 53f. 

Florida, resort business of, 257. 

Foehn, 158. 

Fogs, areas of in the United States, 137; areas of 
dense, 137f.; cause of, 135f ; dispersal of, 137; 
economic importance of, 137f.; efficiency and 
health as affected by, 137; falling of, 135, navi- 
gation of air as affected by, 137, ocean navigation 
as affected by, 137; rising of, 135; seasons of oc- 
currence of, 135f.; summer, 136. 

Ford rubber plantation, 358ff.; sale of, 460. 

Fordlandia, 458. 

Forests, clearing of for agriculture, 464ff.; collect- 
ing stage of use of, 464ff.; coniferous, 330f., 33 Iff,; 
deciduous hardwood, 328f.; destruction of, 8 Iff.; 
evergreen hardwood, 328f.; use of as mine or crop, 
475ff.; plant communities of, 327f., removal of as 
it affects precipitation efficiency, 82; repressive 
effects of on early man, 463f ; scrub and thorn. 
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SSOff.; swamp, S36f ; types of as aflFected by water 
supply, 328f.; variable value of, 463ff. 

Forest fires, effects of, 83ff , examples of, 83ff , num- 
ber and distribution of in the United States, 82ff.; 
relative humidity as it affects prevalence of, 132; 
soils as affected by, 83. 

Forest industries, Africa, 474f ; Asia, 474ff ; Canada, 
473f ; early in the United States, 467f ; Europe, 
475ff ; far west in the United States, 472ff.; inter- 
mediate latitudes, 467f ; northeastern United 
States, 467f.; South America, 473f , southeastern 
United States, 47 Iff , taxation of, 477ff ; tropics, 
46eff, 

Friant Dam, 224, 

Fronts, 65 Iff. 

Frosts, 140; average dates of killing for the United 
States, 669, average dates of first killing m fall for 
the United States, 670; average dates of last kill- 
ing in spring for the United States, 669; preven- 
tion of, 12 If ; protection of crops from, 118ff. 
Frost-free season, average length of for the United 
States, 669; effective length of for the United 
States, 117; length of as it affects agriculture, 116ff. 
Fruit growing, 441f. 

Fuji, 285. 

Fulani, 392. 

Fur seals, 500. 

Galapagos Islands, 351 

Gall's stereographic projection, 601f. 

Galveston flood, 72, 311 
Gennakens, 375. 

Geographical poles, 618. 

Geography, dark ages of, 3ff ; fields of. If., 6f., 7f., 
present day, 6f.; renaissance of. If.; types of, 7f 
Glacial plains, handicaps to land use of, 262f,; natu- 
ral drainage of, 261f , origin of, 260f.; soils of, 
260f.; topography of, 260f. 

Glaciated highlands, 279ff.; economic activities of, 
282f , elevation of, 280f.; forest cover of, 280f., 
natural drainage of, 280f , opportunity m, 282ff.; 
origin of, 279f ; roads of, 282f , soils of, 280f. 
Glaciation, in the United States, 663 
Globular projection, 606. 

Gnomonic projection, 605f. 

Gold, occurrences of, 302, mining of m Alaska, 483ff. 
Gonds, 251. 

Government, population as affected by, 19ff. 
Governmental cities, 564f 
Government power projects, 212f. 

Grand Canal, China, 525, 

Grand Canyon, 274. 

Grasslands, animal life of in the United States, 90; 
cause of, 90f.; conditions favoring, 338f.; effects 
of man's invasion of, 92ff.; extent of, 90f.; inter- 
mediate latitudes, 339ff.; man's invasion of in the 
United States, 90ff.; man's modification of, 93ff.; 
marsh, 341f.; opportunity afforded for grazing by, 
92ff., plant communities of, 328f.; prairie, 339f.; 
tropical, 339f., types of in the United States, 90f.; 
vegetation of in the United States, 90, 

Gray brown and brown forest soils, 659ff. 

Grazing, commercial, 389ff.; commercial in Africa, 


39 Iff , commercial in California, 395f , commercial 
in Mediterranean areas, 395f , commercial in South 
America, 39 Iff , commercial m steppe grasslands, 
S92ff , commercial m tropical grasslands, 390ff ; 
contrasts between commercial and nomadic, 390ff ; 
decline in relative importance of, 395f., nomadic, 
380ff ; types of areas where practiced, 389ff. 

Great Circle, definition of, 350. 

Great Dismal Swamp, 253. 

Great Lakes, factors favoring use of for transporta- 
tion, 191ft.; harbors of, 193f , passenger traffic on, 
193, ports of, 193ff., terminal facilities of ports 
of, 193f. 

Great Plains, vegetation of, 392ff ; wind erosion, 105. 

Greece, soil erosion in, 111. 

Gregorian calendar, 632. 

Ground water, 226ff , as affected by drainage, 88; 
effects of, 53f , effects of drought on, 227f , handi- 
caps of hardness of, 226f , high sulphate, 227, Lake 
Agassiz Plain, 227, mineralization of, 226ff , varia- 
tion m quality of, 227f 

Gulf Stream, 312. 

Gullying, areas of occurrence of, 102; attention at- 
tracted by, 103f. 

Gunyah, 62. 

or highland climates, 648ff. 

Hachures, 621. 

Hail, formation of, 142, losses from, 142ff. 

Han cities, 560. 

Hankow, location of, 560. 

Harbors, characteristics and origin of, 3171 , of Great 
Lakes, 193. 

Haid water, 226, tolerable hardness of, 226f. 

Hazard, a coal-mining community, 485ff 

Headward erosion, 103 

Hecataeus, 4. 

Hematite, 294. 

Hemispheres, Land and Water, 350, locational ad- 
vantages of, 349f., People's, 9 

Hereford map, 3. 

Herodotus, 6, contributions to geographic knowledge 
by, 4; map by, 591. 

Hevea brasiliensis, 454, growth in native home of, 
458; transfer of to southeastern Asia, 458. 

Hibbing, 489ff. 

Hibernation, 117. 

Highland or '*H" climates, 648ff. 

Highlands, 272ff ; common characteristics of, 272f , 
desirability of for human habitation, 124ff., handi- 
caps of, 124f ; mineralization of, 30 If.; opportu- 
nity for man in, 272f.; types of, 272f. 

High plateaus, 274ff. 

Highways, development of, 520ff. 

Hinckley fire, 83. 

Hogans, 387. 

Hokkaido, agricultural occupation of, 419f., fisheries 
of, 506f ; fogs of, 137. 

Homolographic projection, 602f. 

Homolosine projection, 603f. 

Hoover Dam Project, 209ff.; objectives of, 243f. 

Hopi Indians, 407ff.; agriculture and food supply of, 
409ff.; animals of, 41 If.; crops grown by, 410f.; 
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economic activities of, 41 If.; houses of, 409f., loca- 
tion and extent of area occupied by, 407f , villages 
of, 408f ; water supply of, 409f 
Horse, use of as beast of burden, 515f. 

Houses, types of as ahected by environment, 53ff. 
Houston, ship canal of, 198. 

Hudson Bay Company, 464. 

Hull-Rust mine, 489. 

Humboldt, Cosmas, 6 

Humid continental or ‘‘Dfa(b)’’ and “Dwa(b)’’ cli- 
mates, 644ff 

Humid subtropical or ‘‘Cfa(Cw)^' climates, 641ff 
Humidiguide, 129. 

Humus, 170f 

Hurricanes, 154if.; energy developed by, 72; floods 
produced by, 72, regions of occurence of, 72f. 
Hwang, floods of, 69, 112, handicaps to use of for 
navigation, 186 

Hydroelectric power, 202ff., benefits of to man, 213f ; 
costs of generation of, 202; distribution of poten- 
tial and developed, 204ff. 

Hydiosphere, 160 
Hygrometer, 129. 

Ice supply, 238 
Iceland, fisheries of, 501. 

Igloo, 366 
Iglooyak, 366 

Illinois, relative importance of mining in, 482; value 
of mineral production of, 482 
Illmpis and Michigan Canal, 195f. 

Illinois and Mississippi Canal, 198f 
Immigration, to Canada, Australia, and New Zea- 
land, 44, to the United States, 44 
Imperial Canal, 221, use of water from, 221f. 
Imperial Dam, 221 

Imperial Valley, 217, crops of, 221; irrigation in, 
218jff ; origin of, 218, 

Incas, 22 

India, industrial development of, 550, irrigation in, 
216f ; monsoon winds of, 15 If.; population of, 
14; population increase m, 42; population prob- 
lems of 45ff 

Indian agriculture, 407f. 

Indiana, population change in, 47f 
Indoor relative humidity, unfavorable effects of, 13 If 
Industrial areas, Europe, 547ff , Japan, 549f , Orient, 
549ff , United States, 550ff , post-war United 
States, 556f 

Industrial water supply, 233ff. 

Industry, beginnings of, 542ff , capital as affecting 
development of, 546f ; culture of population as 
affecting character of, 546f ; extensive develop- 
ment of recent, 546f.; factors affecting location of, 
^ 543f ; future of in the United States, 556ff ; gov- 
ernment as affecting development of, 546f., hu- 
man choice as affecting development, of, 544f ; 
labor supply as affecting development of, 545ff.; 
location of as affected by water supply, 236ff., 
markets as affecting development of, 546f ; mis- 
cellaneous’ factors affecting development of, 545; 
other economic activities as affected by, 543f.; raw 
materials affecting development of, 544ff.; trans- 


portation as affecting development of, 543f., water 
supply affecting development of, 545ff ; zoning of, 
555ff 

Inland waters, miscellaneous uses of, 238ff , recrea- 
tional use of, 238ff., 240. 

Inner Bluegrass, 268f 
Insects, damage by, 347ff 
Inshore fisheries, 499. 

Intermediate latitudes, forest industries of, 467f. 
International Date Line, 635ff 
International map of the world, 597f. 

Interrupted homolosine projection, 603ff. 
Ionosphere, 160. 

Iowa City, water supply of, 23 If 
Iron, early use of, 292ff,; use of by civilized man, 
294f. 

Iron Age, 298f. 

Iron ores, 294ff.; advantageous distribution of, 298f.; 
areas of important occurrences of, 294f., future of 
in Minnesota, 494, Minnesota resources of, 489f.; 
reserves of United States, 294ff. 

Iron and steel industry, development of, 546ff., fac- 
tors affecting location of, 547f 
Irrigation, and and semiarid regions, 215ff.; condi- 
tions under which practiced, 214ff,; detrimental 
effects of, 96ff ; distribution of by drainage basins 
in the United States, 217; economic soundness of 
Federal projects, 218; effectiveness of in promot- 
ing environmental change, lOlf ; Egypt, 216f.; 
factors affecting desirability of, 99ff , favoring to- 
pography for, 215, Federal projects, 218f ; garden 
crops of, 214f ; history of development of in west- 
ern United States, 218ff.; humid areas, 214ff ; Im- 
perial Valley, 218ff.; importance of ground water 
in, 218, importance of surface waters in, 218; 
India, 216f , Mediterranean areas, 216f ; owner- 
ship of enterprises m tlie United States, 218ff.; 
possibilities for expansion of, 224ff ; sources of 
water for, 218ff ; western United States, 217ff.; 
types of projects, 95f 

Islands, areas of, 681, locational advantages of, 351ff. 

Isobais, 153, of weather maps, 162 

Ivotherms, 115, paths of and factors affecting, 116f. 

Jaguar, 402. 

Japan, agricultural practices in, 423ff ; agricultural 
problems of, 425ff ; animal industries of, 424f., 
crops of other than rice, 423f ; farm sizes and pat- 
terns of, 420ff.; fertilizer use m agriculture, 423f.; 
fisheries of, 502ff , industrial regions of, 549f ; in- 
troduction of rice as crop in, 419f.; irrigation in, 
214f., islands and latitudinal extent of, 4I9f.; Ori- 
ental agriculture in, 419ff ; population problems of, 
45f , 427ff , soil erosion in, 112 
Java, example of the ricelands, 418ff.; population 
of, 9 

Julian calendar, 632. 

Kafir corn, 430. 

Kaffirs, 392. 

Kalahari, 31; precipitation of, 370ff ; surface of, 
369f ; temperatures of, 369f.; wild life of, 372f ; 
vegetation of, 371f. 



690 


INDEX 


Kaross, 373. 

Karroo, 392. 

Kayak, 367. 

Kelp, 321. 

Kentucky Mountains, 276ff.; settlement of, 61f. 
Kentucky River, improvement of for navigation, 189f. 
Key West, sponge fisheries of, 499. 

Kickapoo Prairie, 274. 

Kiruna, iron ores of, 294. 

Kirghiz, 32f., 381ff.; animals of, 382; change in ways 
of life of, 385f.; clothing of, 385f ; diet of, 384f.; 
economic activities and migrations of, 382ff.; 
household possessions of, 384f.; life led by, 383f.; 
location of area occupied by, 382; physical char- 
acteristics of area occupied by, 382ff.; shelters of, 
384f. 

Klondike, 483. 

Knobkernes, 373. 

Kopjes, 369. 

Koppen system of climatic classification, 637ff. 
Kraal, 392. 

Kraft paper, 472. 

Krakatoa, eruption of, 69f. 

Krivoi Rog district, 547. 

Kuroshio, 137, 312. 

Labor supply, industrial development as affected by, 
545f. 

Labrador, 37; iron ores of, 494. 

Labrador current, 312. 

Lacustrine deposits, origin and types of, I76f. 
Lacustrine plains, agricultural use of, 265; city sites 
on, 265; drainage of, 265ff ; topography of, 263ff. 
La Guardia Field, 535. 

Lake Agassiz, 176; origin of, 262f. 

Lake Eyre, 62. 

Lake Louise, 286. 

Lake of the Ozarks, 240, 

Lake Superior, fogs of, 137, 

Lake Tahoe, 241. 

Lakes, areas of, 681; destruction of, 248ff.; fisheries 
of, 506f.; levels of, 246f.; levels of as affected by 
drainage, 88, 248ff.; obstacles to transportation, 
191; preservation of levels of, 248f ; sources of 
water supply, 238f.; navigation of, 191ff. 

Lakes to the Sea Waterway, 191, 194. 

Lambert's equal-area azimuthal projection, 606f 
Land areas, United States, 683. 

Landforms, subdivisions of, 25 Iff. 

Land Hemisphere, 350. 

Land survey, 624ff.; metes and bounds, 624ff , 
United States, 625ff.; United States, history of, 
625f.; township, range, and section, 625ff. 

Land of the Midnight Sun, 628. 

Land and sea breezes, 151f. 

Landes, 514. 

Landscape, features of, 52ff. 

Lapps, 32, 56. 

Laterites, 660ff. 

Lateritic soils, 660f. 

Latitude, measurement of, 63 If.; value of degrees of, 
613. 

Lava flows, extent of, 68. 


Lava plateaus, 69f. 

Leaching, 96f,; effect of temperatures on, 118. 

Leningrad, population of, 573 

Levees, artificial, 245; natural, 257. 

Lexington, water supply of, 233f. 

Lianas, 328. 

Life, ocean, 313ff. 

Limomte, 294. 

Lisbon earthquake, 66. 

Literature, effect of environment on, 57f. 

Lithosphere, 160. 

Llama, 517. 

Llanos, 391, 641. 

Location, factors producing change in value of, 
354ff , mathematical, 349f., 612ff., relative, 349f., 
strategic, 355ff. 

Locational advantages, cities, 351ff , 353ff , conti- 
nents, 350f ; countries, 351f ; islands, 351ff. 

Loess, 178f. 

Long range weather prediction, 653f 

Longitude, measurement of, 614f , time, 633ff., value 
of degrees of, 613. 

Longview, 472 

Los Angeles, growth of, 567, water supply of, 230f., 
233f. 

Lowlands, attraction of, 251f ; classes of, 25 If. 

Low plateaus, 272ff 

Lumbering, harvest of a crop, 466f , importance of as 
an agency producing environmental change, lOlf., 
migratory, 466f., use of caterpillar tractors in, 472, 
use of land after, 465f 

Lynch, a coal-mmmg community, 487ff 

Madera Canal, 224. 

Magnetic declination, extremes of, 619; variation in, 
619f. 

Magnetic poles, 618. 

Magnetite, 294. 

Malthus, 16. 

Man, areas of origin and earliest establishment of, 
lOff.; areas of present establishment of, lOff , bar- 
riers to spread of, lOf , beast of burden, 514ff.; 
civilized man and effects of environment on, 59f.; 
early man and environment, 58f., evolution of his 
economic activities, 364ff ; modification of environ- 
mental opportunity by, 114f.; poleward march of 
civilized, 224ff.; primitive man and environment, 
22f , savage man and environment, 59f. 

Manioc, 398. 

Manoyuram, precipitation of, 146. 

Maps, Aztec and Inca, 591; classes of, 600f.; com- 
promises, 599f.; conformal, 599; earliest, 591f.; 
early Greek, 591f , elements shown by, 599f , er- 
rors in early, 591f ; Eskimo, 591; Marshall Island- 
ers, 592; Medieval period, 594ff ; Mercator's, 596; 
modern, 597f.; topographic, 621ff. 

Map projections, 599ff. 

Map scales, 616ff.; change with reduction or enlarge- 
ment, 616f.; common in use, 616f.; expressions of, 
616f. 

Mapping, development of, 59 Iff ; Far East and Mos- 
lem world, 594f.; modern, 597f.; progress in, 597. 

Marco Polo, 5. 
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Mareepa, 406. 

Market gardening, 442. 

Marine west coast or ‘"CFb” climate, 643ff. 

Marsh grassland, 341f. 

Martinique, effect of volcanic eruption on, 68. 
Matterhorn, 285. 

Mealies, 392. 

Mechanization, of agriculture, 439f. 

Medieval period, known world during, 4ff. 
Mediterranean or *'Cs” climate, 642ff 
Mediterranean, strategic problems of, 355. 

Mercator's projection, 60 Iff. 

Mercury, occurrences of, 302. 

Mesa, 408 

Mesabi range, 489; origin of iron ores of, 489f. 
Mesopotamia, soil erosion in. 111. 

Mesothermal or ‘“C" climates, 641ff. 

Metallic minerals, commercial deposits of, 30 If.; ori- 
gin of deposits of, 30 If. 

Metes and bounds, survey by, 624ff. 

Mexico, soil erosion in, 112. 

Miami hurricane, 72. 

Mica, 303 

Michigan, zoning of industry in, 555f. 

Microthermal or climates, 643ff. 

Mile, nautical, 613 

Millibars, 162, conversion of to inches, 676. 

Milo maize, 430. 

Mineral resources, administration of, 95f. 

Mineral wealth, effects of, 53f.; exhaustion of and 
effects of, 480f ; functions of, 304ff. 

Mineralized regions, Americas, 302f ; Eastern Hemis- 
phere, 302f. 

Minerals, 29 Iff.; conservation of, 494ff.; exploitable 
occurrences of, 479ff.; fertilizers, 303ff.; impor- 
tance of to man, 481f ; origin of commercial de- 
posits of, 479ft., sea water content of, 310, use 
of by early man, 291ff ; volume of deposit as it 
affects value of, 479f. 

Minneapolis, suburban development of, 583f. 
Mining, environmental change by, 94ff., environmen- 
tal opportunity as affected by, 95ff., exploitive in 
type, 480f ; human culture and its effect on, 48 If ; 
location as it affects, 483f ; occupancy of regions 
as affected by, 48 If.; physical conditions of strata 
affecting, 482f ; relative importance of as an eco- 
nomic activity, 48 If. 

Mining cities, 565f. 

Minnesota, development of iron mining in, 489ff.; 

future of iron mining in, 494; iron ores of, 489f. 
Miquelon, 503. 

Mississippi River, improvement of for navigation, 
191. 

Missouri Valley, projected improvement of, 207ff. 
Slistral, 151. 

Mollweide projection, 602f. 

Monaco, size of, 52, 361. 

Monsoon winds, 151f. 

Mont Pele, eruption of, 68. 

Moors, 178. 

Moroccan Tell, deforestation of, 474. 

Moscow, population of, 573. 

Mountains, 285ff.; barrier function of, 289f.; climates 


of, 285ff , distribution of population in, 287f.; 
origin of, 285f.; passes of, 285f , roads of, 287f. 
Mountain sickness, 122f. 

Mountain and valley breezes, 151f. 

Muck, origin and characteristics of, 178. 

Mule, use of as beast of burden, 516. 

Muscle Shoals, 204. 

Muskeg, 178. 

Natural drainage, effects of, 53f. 

Natural environment, factors of, 52ff. 

Natural gas, 301f. 

Natural levee, 69. 

Natural vegetation, accommodation to temperature 
and precipitation of, 325ff ; climatic effects on, 
325ff ; man's modification of, 345ff., response to 
soil types by, 326f.; structure as affected by water 
supply, 326f. 

Nature, interdependence of elements of, 585ff. 
Nautical mile, 613. 

Navajos, 385ff.; area occupied by, 385f ; economic 
activities and incomes of, 389f.; migrations of, 
386f.; physical characteristics of area occupied 
by, 386ff.; population density in areas occupied 
by, 389f ; settlements of, 387f. 

Naval stores, 472. 

Navigation, development of, 321ff., hazards of, 322f.; 

canal, 194ff.; lake, 191ff ; river, 184ff. 

Negrillos, 375. 

Nentsi, 255. 

Neolithic period, 291. 

Netherlands, canals of, 199, drainage in, 83ff. 

Nevada, mining in, 482f ; value of mineral produc- 
tion of, 482. 

New England, agricultural villages of, 562f., indus- 
trial development in, 55 If ; zoning of industries in, 
555f. 

New England Hurricane, 72, 155. 

Newfoundland, fisheries of, 510ff. 

New Madrid earthquake, 67. 

New Orleans, site of, 560. 

New York City, 575ff.; location of, 560; water supply 
of, 233f 

New York State Barge Canal, 195ff 
New Zealand, relative location of, 52 
Niagara Falls, power development at, 203ff 
Nitrates, 304f. 

Nomadic hunting populations, 365ff.; dry areas, 
369f.; polar areas, 369f , rainy tropical areas, 375ff 
Nomads, pastoral, 380ff 
Nome, gold mining, 483. 

Nonmetallic minerals, 303ff . 

Novosibirsk, population of, 573. 

Oceans, 308ff ; basins of, 309f.; climatic effects of, 
320ff, currents of, 312f.; depth and extent of, 
308f,; importance of access to, 323ff.; importance 
of to man, 319ff.; life of, 313ff., light in waters of, 
310, mineral resources of, 32 If ; movements of 
waters of, 310f ; nature of coasts of, 315ff.; recrea- 
tional values of, 320f.; removal of dissolved miner- 
als from, 310; salinity of waters of, 309f.; source 
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of food supply, 32 If.; temperature of waters of, 
310f., use of as highways, 321ff. 

Ocean basins, physical conditions of, 310f. 

Ocean transport, 53, 532ff , advantages of, 532. 
Oceanic islands, life forms of, 35 If. 

Occidental agriculture, classification of types of, 433, 
commercial gram farming, 436ff., dairying, 440ff ; 
evolution of present-day, 430ff , general farming, 
434ff ; interdependence associated with, 461f , ori- 
gin of, 429ff , origin of animals of, 430f , origin of 
crops of, 430ff ; specialized intensive types of, 
442ff.; spread of, 429f , tropical types of, 447ff., 
types of, 432ff. 

Odoric, 5. 

Ohio River, use of for navigation, 189. 

Oil pools, distribution of, 299f 
Oil sands, 298f. 

Oil shales, 299. 

Okefenokee Swamp, 253. 

Okhotsk current, fogs of, 137 
Oklahoma City, oil wells of, 483. 

Onas, 31, 369. 

Orchards, location of, 118f 
Orient, industrial regions of, 549ff. 

Oriental agriculture, 413ff ; advantage of rice as a 
crop of, 415f , animal industries of, 424ff , char- 
acteristics of, 414f , farm size and pattern of, 
420ff ; fertilizer use in, 423f , Japanese, 41911 ; 
problems of Japanese, 4251f , problems of regions 
of, 427f.; types of, 415. 

Oriental populations, future, 4511 
Orthographic projection, 606f. 

Osaka, site of, 560. 

Ostiaks, 369. 

Outer Bluegrass, 269f. 

Outwash plains, 260f. 

Overgrazing, effects of, 92ff. 

Owashio, fogs of, 137 

Ox, use of as beast of burden, 517f. 

Ozark region, 272. 

Paleolithic period, 291. 

Palestine, soil erosion in. 111. 

Pampa, modification of grassland by man, 93f. 
Panama Canal, protection of by bases, 355f. 

Parana pine, 473 
Parker Dam, 233. 

Pastoral nomadism, United States, 3851. 

Pastoral nomads, 380ff ; latitudes occupied by, 380, 
life of, 380f.; migrations of, 380f.; material pos- 
sessions of, 380f ; raids by, 38 If, 

Pearl fisheries, 499f 

Peat, 178ff.; agricultural use of, 179f , conditions for 
formation of, 178f.; uses of, 179ff.; use of for 
fuel, 179f. 

Pedalfers, 657ff.; classes and characteristics of, 659f. 
Pedocals, 661ff.; classes and characteristics of, 662ff. 
‘Pelagic fisheries, 499; catch of, 501. 

Pennsylvania Turnpike, 522f. 

Periodic winds, 151ff, 

Perspective projections, 600, 

Peru, fogs of, 137. 

Peshtigo fire, 83. 


Petroleum, 298ff ; Cumberland Plateau, 485f.; ex- 
haustion of supply of, 301f ; ongm of, 298£ ; pro- 
duction in the Americas, 299 ft , production in the 
Eastern Plemisphere, 30011., settlement as affected 
by, 483ff. 

Phosphates, occurrences of, 304f 
Photosynthesis, 114 

Pioneers, effects of enviionmcnt on, 59f. 

Piranha, 402. 

Pitcairn Island, 351. 

Pitchblende, 302 
Pittsbmgh, dust in an ol, 133 
Pizarro, 22. 

Plains, 251ff. 

Planning, regional, 271i , 63i , eu\ nomnental change 
as affecting, 76f 
Planets, 627. 

Plans, city, 568ff. 

Plantations, banana, 450ff , crops of, 449ft ; future 
of lubber, 460f., location of, 447ff ; native pioduc- 
tion as affected by, 4491 , Oriental rubber, 454ft ; 
ownership and operation of, 449f.; lubber, 454f , 
rubber m Americas, 45811 ; value of as source of 
food supply, 449, value of as source of industrial 
raw materials, 449. 

Plantation agriculture, 447ff.; economic and social 
conditions associated with, 449f.; initiation of, 
447f ; types of, 450f. 

Plantation aieas, populations of, 460ff 
Plants, man's use of, 346ff.; tempeiatures as they 
affect, 116£. 

Plant communities, character of dcscit, 328f , char- 
acter of forest, 327f , character of grassland, 328f ; 
character of polar, 328f.; types of, 327f. 

Plateaus, dissected, 276ff , high, 274ff: , low, 272ff,; 

undissected, 272ff 
Platinum, occuirences of, 302 
Playas, 371. 

Plmy, an advocate of erosion control, 111. 

Podzols, 659fl:. 

Polar or ‘"E" climates, 646ff 
Polar Easterlies, 149f. 

Polar Eskimo, chaiacter of aiea occupied by, 365f.; 
clotliing and utensils of, S67ff , food pieparation 
by, 367, food supply of, 367ff., heating of shelters 
of, 366; hunting season of, 366, shelters of, 366ff., 
sites occupied by, 366f. 

Polar front, 150. 

Polar highs, 149f. 

Polar plant communities, 328f. 

Poles, geographical, 618. 

Poles, magnetic, 618. 

Polyconic projection, 608ff 

Ponce de Leon, 22 ^ 

Population, anomalies of distribution of, 14, 15; areas 
of origin and establishment of, lOff ; areas of pres- 
ent establishment of, lOff , barriers to spread of, 
lOf., center of in the United States, 16; changes of 
in Asiatic areas, 44ff.; changes of m Europe, 42ff.; 
changes of in the United States, 46ff.; commeicial, 
40f ; commercial grazing, 32ff.; densities of as 
affected by environment, 18ff.; diffusion of, Ilf., 
distribution of civilized, 29ff.; distribution of by 
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continents, graph, 10, distribution of as affected 
by government, 19ff , distribution of primitive, 
29if , distribution of world population, 9fi , effects 
of distribution of, 49ff , farm ( population ) of the 
United States, map, 15, fishing as support of, 37ff ; 
growth of in the United States, 16f , importance 
of distribution of, 16; increase of, 42f ; industry 
as support of, 40f , interdependence of, 25ff ; Java, 
9f.; location of areas of dense, 13f , location of 
areas of sparse, 13f ; migratory hunting, 3 Iff ; mi- 
gratory pastoral, 32ff ; mining, 39ff ; national se- 
curity as affected by, 49ff , Northern and South- 
ern hemispheres, 9, Occidental agricultural, 36ff , 
Oriental agricultural, 34ff , plantation, 36f , primi- 
tive agricultural, 33ff.; origin of present distribu- 
tion of, llff.; prediction of future, 16ff., present 
distribution of, 16f ; probable future of Europe, 
43ff ; problems of China, 45f , problems of areas 
with garden types of agriculture, 445ff ; problems 
of India, 45ff , problems of Japan, 45f , 427ff., 
progress as it affects distribution of, 29f ; resettle- 
ment of, 47ff., rural and farm in the United States, 
47ff ; rural m the United States, map, 14; spread 
of European, 44ff ; stage of development and 
change of, 42ff ; stage of development and dis- 
tribution of, 29ff , southeastern Asia, 9f ; supported 
by forest industries, 38ff , surpluses, 48ff.; total 
for United States, map, 13, total for world, 9; 
map, 12; world total, past and present, llff. 
Portland, Oregon, location of, 559. 

Portolano charts, 594. 

Ports, conditions necessary for development of, 319f. 
Potash, occurrences of, 304f. 

Portugal, cork production of, 475. 

Portuguese exploration, 5, 6f 

Powei projects, objectives of Federal, 204f. 

Prairie, 328, cause of, 90, developed on outwash 
plains, 260, soils of, 660ff., vegetation of, 339ff 
Precipitation, amount of, 145ff ; cause of, 139f ; 
desert, 146f ; distribution of, 144ff ; effect of on 
population distribution, 146; excessive, 146f ; fac- 
tors affecting amount of, 145f , forms of, 139ff.; 
important aspects of, 139f , intensity of, 143f ; 
per cent of during April to September for the 
United States, 672; per cent of during June, July, 
and August for the United States, 672; summer 
for the United States, 670, variable value of, 146f.; 
winter for the United States, 671. 

Predicting the weather, 653ff 

Pressure belts, 148ff 

Prester John, legend of, 5f 

Pribilof Islands, sealing of, 500t 

Prime meridians, in use, 614 

Primitive agriculture, 397ff , Nigeria, 401f. 

Pmice Henry the Navigator, 6 
Projections, map, 599f. 

Psychromeler, 130f 
Ptolemies, 591 

Ptolemy, Claudius, 6, map by, 591f 
Public water supply, 230ff 
Pueblos, 408. 

Pygmies, 31; clothing and equipment of, 377f , food 
supply of, 378f ; home of African, 375f.; Itun, 


375ff., personal characteristics of, 378ft , physical 
characteristics of home area of, 376f , shelters of, 
377f., villages of, 377. 

Pyramids, 517, construction of, 514 
Pytheas, contributions to geographic knowledge by, 
4. 

Quartz crystal, occurrences of, 303, 304 
Queensland, settlement of, 44 
Quito, temperatures of, 122. 

Railroads, American, 527ff ; development of, 526ff. 
Ram, artificial, 141; causes of, 140f. 

Ram shadow, 145. 

Range line, 626 

Ratoon crops, sugar cane, 453. 

Raw materials, industrial development as affected by, 
544ff. 

Recreation, use of inland waters for, 238ff 
Rectangular projection, 610. 

Red River Valley, water supply of, 227. 

Red Sea, salinity of, 310. 

Red and yellow soils, 659ff. 

Reelfoot Lake, origin of, 67 
Reforestation, desirability of, 477f 
Reindeer, use of as beast of burden, 5l7f. 

Relative humidity, indoor, 13 Iff., sensible tempera- 
ture as affected by, 128f , statement of, 128f.; 
tables, 675, water requirements of crops as affected 
by, 13 If. 

Relative location, 349ff. 

Relief, representation of on a map, 621f 
Religion, environmental effects on primitive, 57f. 
Residential cities, 565f. 

Residual material, soils derived from, 174f. 

Resort business, Cahforma, 240, Michigan, 240ff.; 

Minnesota, 240f. 

Resort cities, 564f. 

Retardation, 60ff. 

Retrogression, 62ff. 

Rhine River, use of for navigation, 184. 

Rice, advantages of as a crop m Oriental agriculture, 
415f., habitat of, 416ff , importance of as a crop 
in Japan, 42 Iff ; planting and harvest of, 423f.; 
progress as affected by, 418ff., reasons for impor- 
tance of as a crop in Japan, 42 Iff., spread of crop, 
417f.; yields m Japan, 422f. 

Rice lands, extent and population of, 415f.; Java an 
example of, 418ff. 

Rivers, conditions under which improvement of for 
navigation is desirable, 184ff ; extent of use of for 
navigation, 184ff ; factors affecting value for use 
of m development of power, 202f ; homes for 
‘"floating populations,” 238f.; important river high- 
ways of tlie United States, 189f.; integration of 
improvement of, 242ff; lengths of, 682; miscel- 
laneous uses of, 238ff ; physical conditions of as 
they affect use of for navigation, 185ff.; physical 
conditions of as they affect use of for power, 202ff.; 
unwise improvement of for navigation in the 
United States, 189ff ; use of during the Colonial 
period and later settlement of the interior of North 
America, 184. 
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Roads, Chinese, 524f.; early American, 521f.; Medi- 
eval period, 521f.; planned for the United States, 
524f.; recent m the United States, 522ff.; Roman, 
520f. 

Rubber, history of use of, 454flF. 

Rubber plantations, Americas, 458ff.; 'Tord,” 458ff.; 
future of, 460f ; labor supply of Oriental, 456; 
location of, 454f ; Oriental, 454ff ; returns from, 
458f. 

Rural land use. United States, 664. 

Sacramento River, 224. 

St. Helena, 351. 

St Louis, dust in air of, 133f.; location of, 559, 

St Paul, advantages of location of, 560. 

St. Pierre, 503, destruction of, 68 
Saline minerals, 303f. 

Salmon, varieties and habits of, 504jff. 

Salmon fisheries, 504ff. 

Salt Lake Oasis, 217. 

Salt River Irrigation Project, change of soils in, 99. 
Samelats, 32. 

Samoyedes, 369. 

San Joaquin River, 224. 

Sand dunes, values of, 176f, 

Sandalwood, 467. 

San Francisco, expansion of, 583f ; water supply of, 
230. 

San Francisco earthquake, 67. 

San Marino, 361. 

Sanson-Flamsteed projection, 607f. 

Savanna or ‘‘Aw” climate, 640ff. 

Savannas, 328; vegetation of, 339. 

Scrub and thorn forest, 33 If. 

Seas, areas of, 681; effects of contact with, 53f. 

Sea hunting, 500ff. 

Sealing, 500ff 
Seaports, great cities, 560. 

Seasons, cause of, 629ff. 

Seattle, city site and plan, 571f , precipitation of, 
143; site of, 560; water supply of, 233f. 
Secondary wind circulation, 153ff. 

Seeds, function of, 114f. 

Seines, 501. 

Selkirks, Canadian, recreational assets of, 286, 289f. 
Semiplantation agriculture, 461f 
Sensible temperature, 130 

Shanghai, growth of, 567, locational advantages of, 
559; site of, 560. 

Shasta Dam, power development at, 224. 

Sheep, grazing of, 394ff. 

Sheet erosion, areas of occurrence of, 102. 

Ship canals, 198f. 

Siberia, forest resources of, 474. 

Siderite, 294. 

Sierozems, 665f. 

Silting, of irrigation reservoirs, 218. 

Silver, occurrences of, 302. 

Simla, 289. 

Sink holes, 230f. 

Sinusoidal projection, 607£ 

Sirocco, 158. 

Sitka spruce, 473. 


Size, contrasts of in areas, 359f.; expressions of for 
areas, 360f. 

Skagway, 483. 

Sledges, use of, 517f 

Sleet, cause and effects of, 141f. 

Sling psychrometer, 129 

Small areas, characteristics of, 360f. 

Smog, 135. 

Smoke, damage by, 133f. 

Snow, beneficial effects of, 143f ; detrimental effects 
of, 143. 

Snowfall, for United States, 673 

Social organization, environmental effects on, 57ff 

Soddies, 55. 

Soil classification, American, 657ff., basis for, 657ff 
Soil erosion, areas of other than the United States, 
lllff ; causes of, 102f ; effects of on streams, 109f., 
extent of in the United States, 103, losses from, 
107ff.; mineral plant nutrients lost in association 
with, 109f ; percentage of the United States 
affected by, 107f.; prevention of, 109ff , serious- 
ness of in southeastern United States, 103ff., types 
of, 102ff ; where most prevalent in the United 
States, 103f. 

Soil mining, 111, 174ff. 

Soils, change in, 170f.; classification of, 179ff ; cold 
and warm, 173; components of, 170ff ; composition 
of, 174ff., derived from eolian material, 176f ; de- 
rived from transported material, 175f.; desirabil- 
ity of as affected by texture, 173f , desirability of 
if derived from lacustrine deposits, 170f , diet as 
affected by, 170; effects of, 53f ; factois affecting 
agricultural desirability of, 170f ; factors affect- 
ing depth of, 170ff ; forest, 180, formation of in 
dry areas, 99f.; grassland, 180; high temperatures 
as they affect, 118f.; light and heavy, 173, limita- 
tion of if derived from residual material, 175f,; 
low temperatures as they affect, 118f , mineral 
deficiencies in, 174f ; misuse of, 180ff ; organic, 
178ff.; structure of, 173ff ; texture of, 173ff ; irri- 
gation water as it affects, 99f.; without profiles, 
665f. 

Solar relations, 627ff. 

Solstices, 628. 

Soot, amount of in the air, 133. 

Soviet Union, size of, 52; urban development in, 
573f. 

Space relations, 52ff , 349ff 
Sphagnum moss, 179, 343. 

Sponge fisheries, 499f. 

Springs, 229f. 

Springfield, 274. 

Springfield Plain, 274ff.; elevation and topography 
of, 274f ; land use of, 274f.; mineral wealth ^f, 
274f.; natural drainage of, 274f.; settlement of, 
274f.; soils of, 274f. 

Stalinsk, 550. 

Standard Time, 635ff. 

States, compact and attenuated, 356ff.; small, 36 If. 
Steppe or “BS” climate, 647ff. 

Steppe, 328; definition of, 392. 

Stereographic proj'ection, 606 
Stockton, a port, 189. 
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Strabo, 6. 

Strategic locations, 355ff ; classes of, 355, examples 
of, 355ff 

Strategic minerals, metallic, 303; nonmetallic, 304f. 

Stratosphere, 160f 

Stiatus clouds, 137. 

Strip cropping, 110 

Subpolar or '‘Dfc” and "‘Dwc’' climates, 645ff, 

Subpolar lows, 149f. 

Subsistence agriculture, 433fF. 

Subtropical highs, 149 

Suburban development, basis for, 582ff.; extent of, 
583ff 

Sudan, 391. 

Suf, dunes of, 56 

Sugar, cane, 451ff , ‘‘centrals,’" 453; production of, 
451ff.; production of in Cuba, 453ff.; use of by 
plants, 114f. 

Sulphur, 303f. 

Sun, size of, 627. 

Sun or local time, 635. 

Sunlight, its function, 114ff. 

Sunshine, average winter for the United States, 668; 
effects of on agriculture, 115f ; effects of on crop 
systems, 115, effects of on crop yields, 115. 

Sunshine Country, the, 276. 

Surface waters, effects of drought on, 227f.; mineral- 
ization of, 227. 

Survey, land, 624ff. 

Swamps, forests of, 336f.; soils of, 651. 

Sweden, forest industries of, 475. 

Sydney, 560. 

Synoptic charts, 651. 

Tables, 674. 

Taconite, 494. 

Tahoe, Lake, recreational use of, 241. 

Taiga, characteristics of, 332, 474. 

Tata Iron and Steel Works, 550. 

Teak, production of, 467f. 

Tehuelchians, 375. 

Temperate zone, 162. 

Temperatures, 114ff.; animals as affected by low, 
117f.; average summer for the United States, 667; 
average winter for the United States, 668; factors 
affecting distribution of, 115f.; Fahrenheit and 
Centigrade, 674, ocean water, 310f.; plants, ani- 
mals and man as affected by high, llSff ; plants, 
animals and man as affected by low, 118f. 

Temperature efficiency, 117f. 

Temperature range, annual as it affects animals, 
agriculture and man, 122ff.; daily as it affects crops 
and man, 12 Iff , hottest and coldest times of day, 

^ 121f.; variation in annual, 121f.; types of, 121f. 

Tennessee, attenuation of, 357f. 

Tennessee River, improvement of for navigation, 
191f.; navigability of, 207f ; physical conditions of, 
207ft' ; variability of flow of, 207f. 

Tennessee Valley Authority, 204ff ; allocation of costs 
by, 205f ; power development by, 205ff. 

Terminal moraine, 260f. 

Terraces, river, 257. 

Thar, precipitation of, 146. 


Thermometer scales, 674. 

Thunder storms, 165f. 

Tides, advantages of, 311£.; cause of, 311f.; height 
of, 311f. 

Tien Shan, 382. 

Tierra del Fuego, 31, 369. 

Till, deposition of, 176f.; productivity of, 176f. 

Till plain, 260f. 

Tilth, 173. 

Time, measurement of, 632ff.; standard, 635ff. 

Time capsule, 614f. 

Tin, occurrences of, 302 
Tokyo, growth of, 561, 567 
Tokyo earthquake, 67. 

Topographic maps, 62 Iff ; colors used on, 622f 
Topography, conditions of favoring irrigation, 215, 
effects of, 53f . 

Tornadoes, 156ff ; areas of greatest frequency, 165, 
paths of and destruction produced by, 7 Iff., sea- 
sons of occurrence of, 71. 

Township, range and section land survey, 625ff 
Trade, interdependence and, 25ff. 

Trade routes, change in, 541ff , location of, 541ff. 
Trade winds, 149f. 

Transhumance, 383. 

Transportation, 514ff ; air, 532ff , evolution of, 514ff., 
ocean, 531ff., river and canal, 525ff.; trade as af- 
fected by, 25ff.; without wheels, 517f 
Trawls, 501. 

Tropical or climates, 637ff 
Tropical cyclones, 154ff 

Tropical forests, exploitation of, 467f.; industries of, 
466ff. 

Tropical grasslands, 339f. 

Tropical hardwoods, lumbering of, 466ff. 

Tropical rain forest or “Af” climate, 637ff. 

Tropical plantations, crops of, 449f; future of in 
Middle America, 461f.; location of, 447ff.; native 
production as affected by, 449f.; ownership and 
operation of, 449f. 

Tropical year, 632. 

Tropopause, 160. 

Troposphere, 160f. 

Truck gardening, 442. 

Tundra or “ET” climate, 646ff. 

Tundra, fauna of, 346f ; vegetation of, 343ff. 
Tungsten, occurrences of, 302. 

Tuple, 366. 

Turpentine, production of, 472. 

Tuscarora deep, 285. 

Tusayan, extent of, 407f. 

Twin Cities, suburban development of, 583f. 
Typhoons, 154, damage by, 73ff. 


United States, agricultural regions of, 664; begin- 
nings of forest industries m, 467f.; center of popu- 
lation of, 16, distribution of farm population of, 
15, distribution of rural population of, 14; distribu- 
tion of total population of, 13; growth of popula- 
tion of, 16f.; land survey of, 625ff.; population 
change in, 46ff.; rural and farm population of, 
47ff.; total areas of, 683. 



696 


INDEX 


United States Geological Survey, topographic maps 
of, 621flF. 

Union of South Africa, grazing industry of, 392fl:. 

Uranium, occurrences of, 302. 

Urban development, United States, 573fF ; areas of 
extensive, 573f. 

U.S S R., access to sea of, 323f.; industrial develop- 
ment of, 550f . 

Vasco da Gama, explorations of, 6 

Valley authorities, 204if. 

Valley of California, origin of, 257. 

Vegetation, desert, 34 Iff.; man’s modification of natu- 
ral, 345ff , tundra, S4Sff. 

Vehicles, evolution of wheeled, 518ff 

Veldt, 392. 

Verkhoyansk, amount and distribution of precipita- 
tion of, 126; temperatures of, 118. 

Vermilion range, 489. 

Vesuvius, 68. 

Villages, agricultural m the United States, 562fF.; 
functions of, 562; serving needs of primitive popu- 
lations, 558f 

Volcanic ash, 68. 

Volcanic cones, shapes of, 67. 

Volcanic eruptions, cause of, 67; types of, 67. 

Washington, D C., city plan of, 571. 

Water, areas of United States, 683; forms of, 126f.; 
variability in salinity of ocean, 310, 

Water Hemisphere, 350. 

Waterlogging, 99f. 

Waterspouts, cause of, 156. 

Water supply, a critical environmental factor, 226f.; 
contamination of, 227fi:.; objectionable impurities 
in industrial, 234ff.; organic pollution of, 228ff.; 
ownership of public, 23 If.; rural United States, 
229ff.; sources of, 226f., sources of contamination 
of, 227f ; sources of public, 230fF ; underdeveloped 
areas, 228f. 

Watwa, 376. 

Waves, caused by earthquakes, 311; wind driven, 
310f. 


Weather, change of, 167f ; doldmm belt, 161f ; in- 
termediate latitudes, 16 If., subtropics, 16 If ; liade 
wind areas, 161f ; tropical, 16 If. 

Weather charts, 651f. 

Weather elements, 167f. 

Weather forecasts, value of, 653f. 

Weather forecasting, 651ff 
Weather maps, typical, 654. 

Weather prediction, 651ff , basis for, 166ff , long^ 
range, 167f , 653f ; value of, 653f. 

Weather proverbs, 126, 167f. 

Weathering, an agency producing environmental 
change, 76. 

Westerlies, 149f. 

Whaling, SOOfT. 

Wild life, drainage as it afiFects, 88f. 

Winds, definition of, 148, man as affected by, 1481.; 

strength of, 148; weather as affected by, 160f. 
Wilson River fire, 83. 

Wind erosion, areas where prevalent, 105. 

Wind storms, types of, 71. 

Winnipeg, Lake, relation to Lake Agassiz, 263. 
Winnipegosis, Lake, relation to Lake Agassiz, 263. 
Works of man, effects of environment on, 54ff. 
World, growth of knowledge of, 4ff. 

Yahgaks, 369. 

Yak, 380, 382, 517. 

Yangtze River, use of for navigation, 184. 

Yap, stone money of, 56 

Year, length of, 632, tropical, 632. 

Yerba mate, 473 

Yosemite, recreational assets of, 288. 

^Ytima^jS temperatures of, 118. 

Yuraks, 31. 

Yurt, 384. 

Zebu, 391, 

Zinc, occurrences of, 302. 

Zoning of industry, 555f 
Zuider Zee, drainage of, 83f. 

Zulus, 392. 



